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The Nof«s which form the basis of the .few papers that malie op this booh 
were taken solelj for private vise, and there Has no intention of making them 
puhlio until after the lapse of a eoneiderablo time. Their publication was then 
undertaken, not because thej prssented descriptions of novel processes, but be- 
cause the author found that the poverty of English leohnical iileratnre in this 
branch of industry was such as to be a serious annoyance to men engass'l '"^ f^ ^ 
treatment of American ores. They first appeared in the colnmns of the Enei- 
noering and Mining Journal, and their reception has been suEEciently favorable 
to warrant this repnbli cation. 

It ifi frequently said that A'nerioan genius can be tmsted to devise its own pro- 
cesses and need not ro abroad for inatruotion, but no one who is aoquninted with 
the indufltry, skill and devotion of European metallurgists to their work oan be 
willing to lose the fruits of their experiment and thought Pew persons know 
how mnch labor and money are spent by them every year in tho work of revising 
old established proceosea, both by laboratory examination and iiy e\perimen(s 
cuudaofed on the largest scale The two jears that elapsed between the author i 
journey in Europe and the publication of these Notes -^oa hufacient to bring 
aV)out such changes and improvements m foreign practice that he conid no 
longer rely upon the details of hia work bnt was obliged to collate it with the 
latest technical publications alroad. He is therefore indebted to many writers 
and has endeavored to properly eipiess this foot m foot notes to each paper 
But he has not described any works that iiero not visited and carefully stu- 
died by him, and truhta that the perscnal knowledge thus gained has enabled 
him to appropiiate with success and mcorpoiate with his own, the nork of 
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NOTES 
METALLURGIOAL JOURNEY IN EUROPE. 



The Copper Process atAgordo 
Aqobdo is reached ftom Veniee by tail to CoiiegiiaQO, stage to Belluno and 
post-chaisB to Agordo, the whole joiiriiey ocoupyiag about eighteen hours. The 
old process in nae at this placfe has been fnlly described by Kivot, in bis work 
on Mefallnrgy ; by HiioM, in the AitnaSes des Mines, 185S, Slh series, vol. 8 ; by 
Pbbok, in his metallurgy, and many othci' writers. It will, therefore, reoeive only 
sncb attention bece as is necea^aiy to make the character of Uie recent olianges sufQ- 
oiently clea,i:. 

The ore is obtained from an irregular deposit of iron pyrites, lying in blaek 
argillaoeoua aohist, close to the conlnot plane of a dolomite limestone. The 
dimensions allotted to tliis mass by Engineer Feliati, are : 

Length 550 maters. 

Breadth 35 " 

Deptli 200 " 

Ooatents in cuHo meters 1,761,000 

He reports the state of tJie work in 1865, as follows :\ 

Content of mass, oubio meters ,1,784,000 

Already esLcavated " 617,000 

Worthless pyritea " 4il,000 

Good ore remaining " 700,000 

As the weight of one otibic motor of pyrites is 4,250 k. (9,350 lbs.) we havs 
abont 3,000,000,000 kilograms, or 3,000.000 tons. The present production ia 
abont 20,000 tons a year, atwbiohrate the mine will hold out a hundred and fifty 

About one'third of the ore (see abora statement) is worthless, containing no 
copper. This is sorted oat, and the remainder is separated Into Uie followii^[ 
rarietiea : 

Best ore. . . .with 4 per cent, copper. 

Good ore. . .with 2--4 per cent copper. 

Poor ore with 0-4— S per cent, copper. 

Small ore. ..witii 1—2 per cent; copper. 

1. For information contained in tbase notes on Agordo, I im indebted to Sionob N. 
PeLi,ATT, EnaiQeerinebajeoforthe . islian Government ; and to SiQNoa Luioi HnBEni, 
Director of ^e Smelting Works. 
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Thia small ore is composed of a mkture of all the other varieties, Euid also of 
oiB from a piixlacular layer in the mine. It forms somewiuLt more tliaii 15 per 
oent. of the whole. 

Besides tie pyrites a small amonat of galena mixed with, blende and contain- 
ing a Toriabla percentage of silver, is obtained. At the time of my visit, a 
gentleman bad purchased a few hundred tons of this ore aud was roastiug it in 
piles, in the hope that the blende would roast to sulphate and thas be soluble. 
It has been asoartained that when a mixture of lead, ziue aud silver aiilphiiios are 
roasted fi^athec t« sulphates, the silver is not soluble in tba presan&j of so much 
lead. TTiit roasting, therefore, had for its object the removal of the zinc and the 
n of the silver in the lead; but I have never been able to ascertain 
« he had, though I am under the impression that his experiment 

In treating this mass, remarkable for its purity, methods were adopted which 
made Agordo the study of seientifio men. The ore was roa-ted in heaps contain- 
ing 250 to 300 tons, the temperature being kept very low, and after sii to nine 
mouths, when the pile was opened, a kernel of uni'oaeted ore was found ia each 
lump. In this kernel was concentrated most of the copper which in the begin- 
ning had been distributed tiiroughout the lump. A transmission of solid matter 
so remarkable as this, illustrating the operations by which metallic matter may 
be concentrated in veins by mundane fires, coald not fail to attract attention, and 
nearly all writers on the melallncgy of copper, and processes of roasting, have 
discQssed it.s Those kernels were broken from the Buirounding " shells. " and in 
thia way kernels of a working average of 4 — 8 per cent copper were obtained 
from ore containing 2 per cent, and leas ; while the shells would contain about 0-7 
per cent. The oouoentration of copper is so perfect that the real kernel often 
contains 30 par cent, but in order to make sure that none of the rich kernel shall 
be lost, a large quantity of shell is left around it, so that the working avemge is 
that above given. 

Sulphvsr is collected in small depressions, stamped in the top of the pile. Pine, 
sifted ore, from the lixiviafion vafs, is slumped info circular basins and a 
small quantity of sulphur, fk>m one-iifth to jinc-half of one per oent of the ores' 
weight, collects in them. This is refined in the usual way. It oontaiue arsenic 
and is not a very valuable produot. In 18G5 the amount made was 50,532 k. or 
60' 5 tons. This is U'3 per cent of the ore or 0-6 per cent, of the sulphur in ths 



it of the two sorfa was : Lixiviation of the shells with precipita- 
lioii of the copper by iron, and fusion of the kernels. 



Lixivialicn. The ore is shovelled into vats 60 H 3-50 meters square and 
1 -50 meters deep ; charge 14 tons. Fresh ore is hxiviated with liquor which hvis 
already served for two lixiviatione, and in this way it is brought up to the proper 
strength. The liquor remfdns 24 hours in contact with the ore, is then drawn 
ofE aud the ore shovelled to a fresh tank, where it is treated with water from a 

2. iJee rlattuers Itdst Pitzesde. 
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premous third lixiviati on. After 34 hours standing the pro leas is repeated, this 
time with tiesh water . After the third contact with the ore, tlie liquor marts 32° 
BaiOlO!, Liquor from the second lisiTJation marlca 13° — 14° E. The spent era 
13 plivoed on and under a new roastMg heap where the Bulphuroua aoid fnmea 
effect a re-roasting of it It is then wa'ibed in i waters, aifted through a mesh ot 
1-5 centimeters ^ 0-G inch, and the coarBC ore receives a third treatment in tha 
pile,. 

Cemenlalion. The liquor from the luLiviatjon vata 1b clarified by Battling in 
tanlis, and tlien run to the cementation vats These are of two kinds : lead tanks 
4 « 3 meters and 1-5 meter deep containing 21 cubic meters. They are heated 
by a lead stove placed iu the center, and the flames of which pass downward 
through a large flue in tha tanlt Fire is kept up for 8 — 10 hours, but the liijuor 
remains 24 hours in the tank. Kg iron is planed in a bank around the sides of 
tha taut. The temperature reaches about 60° C. KevorllBratOry furnaces ara 
also used for Uiis work. They have a bottom laid in bydraalic cement, liold 17 
cubic meters, and the liquor is heated by the flames passing over it. 

Q^ysfaUimtUm. After the cementation is complete, the liquor runs to olari^ng 
vats where the flue copper, and the liasic salts in suspension in the liquor setUe 
to the bottom. It then marks about 37° B. and is transferred to the crystalliza- 
tion -rats, which are wooden tanks, some being 2-20 h 3-O0 m 0.50 meters, and 
others 8*30 M 3-BO w 0-50 in size. Here the liquor remains as long as it is 
desired to continue the deposition of crystals. Agordo is cold in winter and dry 
in summer ; and as srystallizntion practically depends partly np^n evaporation 
but mostly upon the depression of the temperature, the place is well fitted for 
the manufacture of copperas. By leaving the liquor in the vats three or four 
months, fte greater part of the iron sulphate could be obtiined. But the pro- 
dnoUon of Agordo is far in eicess of the demand, so that there is no neeed to 
push the estraction so Ur. Fractioallj the liquor remains 3 —6 weeks in Hie 
vats. The cryabils of sulphate oollact on the bottom, on twig.'i suspended in the 
liquor, and on the sides of the tank, and these conditions afford three qualities ot 
copperas. That collected on the bottom is the poorest, being contaminated with 
basic iron sulphate, which is insoluble, but is formed in such a fine condition as 
to separate completely from the liquor only after long standing. The copperas 
on the Iwigs has a certain amount ot bark and woody matter in It ; that on tha 
aides is pure and of a fine color. If the tanlia do not yield enough of this quality 
to saUsty the demand, the mother liquor, after tbe first crop of crystals has been 
obtained, is concentrated in the reverbar:i,tory furnaces. It then yields altogether 
first quality crystals. In Hie ordinary process of crystalliiiation the strength of 
the liquor sinks from 37° B. to 26° B. 

The composition of this sulphate is as follows : 

Perric snli.hato 49-73 

Zinc sulphate 4 55 

Hydrated Ferric oxide 3-20 

Water 42-52 

100 
Tha amount of copperas which Agordo is capable of producing each year is 
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we nesume the pereenfaga of fenic sulphate in the liquor to incnmM 
006i por cent for each degree of Beadme, we have 704 pec cent, which can bo 
eilraoted from the liquor, by lowering its density from 37? to 26" B, That is, 
we have 771 pounds of ferric aulphatc from each cubio meter of- cement liqnor. 
EivoT says thateanh cnbic meler will easily ^ve 600 k. or 1320 pounds. In 18(15 
Agnrdo produced 73S0 cubic meters of rich liquor and 1987 onbia meters of poor 
liquor. The rich alone would yield, at Eitot'b estimate, iilB tons of copperas. 
But the prodttotion for the year is reported at only 754 tons. Agordo is so far 
from a market that its profit on this product is very small, and from its impure 
nature the demand is not great j 

The operations connected with mining and the wet treatment, in 1865. dealt 
with the following quantities of material : 



1. Best ore containing 7-4 per cent copper 843 tons oonlainiiKf 62 tons copper. 

2. Good '■ " 31 percent copper 5005 " ■' 155 " '• 
f Poor " " 0-87 per cent copper 10531 " " 92 '< " 
1. Small I Good containing 3'iR p. c. copper 711 " " 18 " " 

ore. J Poor ■' 1-25 p. c •■ 2261 " •■ 2H " .. 



Wood consumed, cubio metera . , 



Breaking OL. _ 
P^tonofore: Wood, »ri, „ „„„ 

Labor, dnjs : ronsfang. 0'132 

R„„., „ , breaking 1-800 1-933 

*™""' 1,"°* 2,»M ton, contalmng copper 145-t lorn 

^•'t"" ^75 33-7 tool 

'^"t"" 20,MSto«i. 388-7 toon 

Yield. Liquor 12,781 cubio yards oontaiiiiiig copper. .. .116-3 toni 

'" -----■■■■■■-■-.....,... , , , 93-1 tons- 

l-OBs calculated on copper in shells is. . .4i'5 per cent 
™ ■■ " .. .. all ores is., 33 -8 ■' 

Labor 1471 daj-s or 0-07d per Ion. 



A ^ll'^'^i^'® *^ computed on 11 months and 9 daya odIj. 
otfully«iMteaT " *°'^' "I'l that given aboyeia due to pOes which wer. 
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Charge ! Shells 17,667 tons containing copper 209-5 tona 

Piodnot. . -Eioli liquor 10,086 cnbic yards. 

Poor " 2,695 " " 

Oementoopper, ridi^ 1^-7 tois co„(„i^„g copper 116-3 tons. 



_..^ therefore ^4.5 p. o. 

Fuel: Peat (4'9 percent, of shells) 858 tons, 

CliB.ccoal (^0 023 per cenL of shells) egihvish. 

Iron 3304 tona. 

The",e omountB give the following as the espeose per ton of shells : 
Oharge : Shells 1 toi 

Bioi liquor 0'57 

Poor " 0-lS 

Cem^^nt copper. ..0.135 tons containing copper 13*16 poundst 

Loss (=«-5 per cent) lOM 

Fnel : Peat 97 rounds (= 4-9 per cent) 

Charcoal . . . .0'039 buaheSa. 

Iron: 36 23 pounds. 

The expense per ton of pig copper produced is as follows 

Charge : . . . .Shells 1519 tons containing copper. 36D2 pounds. 

Ceroentcopper.... 2382 pounds " " 2000 " 

Loss (44 '5 per cant.) 1602 " 

Pool : Peat 14,780 poun is. 

Charcoal 6 hushels. 

Iron 5,510 poands. 



The process consists in fasing the kernels, rich ore and cement copper with 
sandslone as a flui ; tlie rich scoria ohlaiued in this and sueooeding operations 
being added for the sake of their copper. The furnace employed is very peculiar, 
the track and front walls being strongly inclined to the horizon. The fnmaee is, 
therefore, in effi-ct. an ordinary shaft, dlted over abont 12 degrees from the 
perpendicular. The object of builiUng it in this way is to make the ore pass slowly 
throagh the furnace, the inclination of the back wall inoreasing the li-iction ; and 
also to oblige the gases to follow the front wall and mis with the ore as little as 
possible in order to avoid too great reducing action. These dispositions have 
for their object the preyention of iron sows, and the proper preparation of tha 
materials, during their descent, for fusion in the emcible. It is hardly worth 
while to discnss forms so pecnliar, and so little likely at this day, to meet with 
copyists. But similar constructions have, in times past, been common in Europe, 
as in the Hartz, They have now been abandoned in most qnarters, hut it may 
be well to point oat that, with ore* rich in iron, sows can be batter prevented by 
a rapid smelting, than by any other means ; and if this rapid fnsion does not 
permit the necessary preparation of the materials in the fumai^e, they can be 
prepared before they enter it. This preparation in the furnace consists, aocord- 
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ingto the Agordc view, partly in driving off the Eulpbur. nud parlly in heating (ha 
uiiitarials. But suljihur can be elimiDaled to but a Tery small extent in the 
shaft furnace. Raw ores, such m (lie greater part of those smelted at Agordo, 
praoticaDy are, can hardly lose more than 1 pet cent, of their snlphui in pBseing 
through the furnac«, & quantity which could bs eliminated by roasting one- 
twentieth part of the ores before oljarging. With the Agordo system of building 
ia connected the Teiy serious defect of short campaigns. Eighteen days was the 
average of the furnaces in 1865. By roasting (if necessary) a part of the ores 
and smelting 13 — 15 tons daily iust^ad of 9, and using a straight or a flaring 
uruace, the camp^gns might be Irebled in lengtti, and the cost of working 
reduced. 




Figure 1 represents a 
fusior of ore. 

By reference tp the tobies farther on it will be seen that thoeirjjense of fuel per 
ton of charge is, in the fusioa of ore, about 25 bushelH per ton, and in that of 
matte 37 bushels ; the former being 15 and the latter more than 22 per cent, of 
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the chaise. This expense would probably be considerably reduced by tlio adop- 
tion of furnaces leas wasi«ful of ftiel and capable of maintaimiig longer cam- 
paigns. Even at Lend where tlie campaigns, for lack of ore, are confined to s 
week's run, or less, the expense of fuel is \ o greater. 

The resulting matte contains about 24 per cent of copper. It is roasted in 
piles aix times and smelted with sandstone and ricli scoria. Tlie furnace is 
i^Tiin inclined, but lees so Uian before, as figure 2 shows. It is important, in 
this operation, to prevent the reduction of too much iron which woald make a 
highly ferriferous black copper. The siliceous flus used at Agordo costs $1.38 
a ton, and as it oootains about 10 per ceni of icon the amount must be iiicreaaed 
•jTer that which wonld be necessary if the qunrfa were purer. It is, therefore, an 
object to smelt wiih a chaise as basic as possible, a tieatmontwbich increases the 
danger of reduced iron. 

From this operation bla ok copper nf 5 per ceni. copper and a richer matta, 
e nia mng abo 60 pel nt copi er a e obtamed The former is fined in a 
comn on Germa haarUi, and the lat er is roasted and returned to the same 
operation 




PlffUt 



.. Best ore containing 7*05 per a 

Komela Best 8-67 ■' 

Good 6-39 '■ 

Poor 3 '37 ■' 

Bich cement copper 51 



Crassi 



9-89 " 
i& OindHEs 34 '50 • 
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Product ; Matfo contftining 23 -'JS per oant. copper. , 

CmBses " II) " '■ . . 

Cind-Hts " 15 " " - - 

Iflbor r IS caajpiigni, or 813 BhiEs of 8 hours ead 

i men lo eacli shif' 

Fuel: Oharoofti 4735 cubic me'ers 

Charge smelted in 34 hours 

LabiiT per ion of oha^e 

Fuel « " '■ 

IiOSB ; The char a t-on'oined of copper 



Lo!!S therefore 



Matte 

Charcoal . . 

Wood 

Peat 



18288 bushels 12'3 busheta. 

251 cords 015 cords, 

55-4 tons 0-OS tons. 

5040 days 3'15day8. 



Charge ; Koasled matte containing fi3'2 per cent, f 

60.8 " " 
Craases and cinders 



2400 
,,.191-6 to: 
...314-4 ' 
... SO-3 ' 



Ijabor: 747 shifts, 4 men to each sMfl 

Fuel : Gliarooal 

laibor ; per tonof cliaa^a 

Charcoal;,.. " " " 

Charge smelted in 21 hours 

Ijqss : The cl.ai^a contained of copper. . 

Tie products " " . . 

Loss (herefore 



Charge: Black copper 

Product: Rosette " 

Cresses and Anders . . 



. .Charcoal 24,000 hi 

. .Copper in malerifJa charged 597,025 p 

" ■' obtained 589,068 

Loss therefore T,957 
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Ooppnin cltaDje. 

Liiiviatioii 41ti,8a5 pounds. 

FitBtftisiou 641,641 " 

Second fosioo 869,400 " 

Pining 597,026 " 

26,991 



This amounts to a loss of 34-49 pfo- cent of tie copper in the oras. But tliia is 
too high, beoinse all the producla from the piles and the comenfation vats weie 
not smelted within the year. Knowing the percentage of loss on each operation 
ire can calonlate the tme loss on 20,466 tons of ore containing 38S'7 tons coppel 
Rs follo^ra : 
Lixiviittion loss on. . . . J1S,800 lbs. copper @ 44-5 per cent. ^: 186.363 pounds. 



Second fusion loss oi 



15,404 " 



! 1'33 ' 



Total 777,400 lbs. 32-0 per cent. 248,935 lb* 

Bnguieer Pbllati reports the loss for 1865 at 31'8 per cent. 

From this it appears that roasting and its accompanying liiiriation are the 

processes which causa the greatest ioss, and are, therefore, the lei\st perfect. 
Bcpeiise per ion. To ascertain tlie average cost of one ton of pyrites, we will take 

the fullowii4{ amounts; best ore 406,547 k., kernels 2,031,447, shells 16,060,796 

k. ; total 18,548,779 kilos or 20,399 tons. The expenses of labor and material 

upon each ton of this, in nil the operations, is as follows : 





Labor 
days. 


Wood 
Cords. 


Char. 

coal 

bushels. 


Peat 
tons. 


Iron 
pounds. 


Sand 




1-93 
0-07 
0-12 
17 
0.25 
0-15 
0-06 


003 
























034 
5-160 
O.90O 
4-310 
1-18 


0-042 


31-41 












0.012 


0-01)2 






Fnsion for Black Copper. , , 


























2-75 


0-016 


11,534 


0-044 


31-41 


0-051 



Prices at Agordo »i 

Mining ore 9 -55 francs 

Ciiarcoiil 12-25 

Wood 3-00 

Peat 3-00 

Iron J50-00 

Labor 100 

Sandstone 7-50 



. . = Sl-91 

per cubic meter = 8-5 cents per huBheU 

' = S2-13 per cord. 

" " " =815-00 per ton. 

" 1000 k. =$27-26 per ton. 
" day (average) = 30 cents a day. 
1000k, = Jl-36a ton. 
From the above table of loss it is apparent that the old proccKs in use at theM 
works was a very expensive one, considered in regard to extraction. The loss in 
lixiviation was enormous, and improvement in that part of the process would 
evidently afford the best reward. But this truth was not immediately perceived j 
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B. niimlier of n m tte firot receiTOd attention, and the obangea iutrodnced 

Impcoven nt at Af, do first took the direction of attempts to increase tha 
amount of BUlplra st ted and to concentrate the ooppi:r more perfectly in 
thetemel, Alth gh th contains 50 per cent., or more, ot sulphur, tha 

piles Bave at most one half pe cent. To iuoreaae the jield the " Styriau Kiln" 
waa adopted. This is merely a rectongle, euolosed by walk and paved with stone, 
Ja the walls, which are rery tiiiok, there are a numher of chambers, coramanioa- 
tiiig with the interim, hy small pasaagea. The ore is filled in and covered with 
fiiie ore, and fine spent ore &om tha Uxiviation vats is stamped on the top for a 
coyer. The ore is ignited by a canal in the bottom of the kiln, and the roasting 
goes on precisely aH in a pile ; but the products of combustion are discharged 
througlt the side passages. As the sulphur yapors are longer in passing out, and 
the masonry in whick they circulate is exposed to the air, they are more thoroughly 
cooled and condensed. At the same time the thick walls serve to retain the heat 
of the mass, which reaches a temparature probably considerably higher than 
Uiat of the pile. The result of these conditions is, that nearly one-half more 
Buiphur is oondenaad, and the higher heat produoea better kernels. Indeed, poor 
ore, that gives no kernels, when roasted in piles, yields them in the kilns. The 
experiment waa therefore a success, in having fulfilled the espectaliona formed of 
it. But this was the turning point in Agoxdo improvement. The high heat 
which made the kernels so fine, also caused the destruction of the copper sul- 
phate, in the shells ; the sulphuric acid woa driven off, and copper oxide left. 
This is insoluble in water, and caused a great increase of the loss in the process 
of lixiviaiion, a loss which, as we have already seen, reached 44-5 per cent ot the 
copper treated. The aulphur at Agordo is always contaminated with arsenic, and 
its use is restricted. Its price is therefore low, and its production unimportant 
These considerations led at once to the disuse of the gtyrian kiln, (*) and im- 
provement took its true direction in efforts to increase the yield of opper and 
lessen the expense of operations subsequent to the roasting. Great results have 
been attained in this work. They are— Ist. The almost complete exiiaction ot 
the copper hy roosling and hxiviation ; 2d Projected improvements in cementa- 
tion, which include the disuse of all operations but B casting, Lixiviation, Fining 
find Ciystolization. 

Improvanents in BoasUng—Oae of the peculiarities of the Agordo deposit is a 
layer of hygroscopic pyrites, which falls to pieces up n contact with the ah-. 
This is mEide into round, conical bricks, which are dried and then piled Uke the 
Other ore. But to save the expense of ovens, which are necessary in the winter, 
the eiti'oclion of this ore has been confined to Ihe summer season. It is now 
proposed to build crushing works, and break up all the ore, except the richosr, lo 
the size of one centimeter (fr4inch). Jtwill thenbeatamped into bricks. These 
have the shape of a truncated cone, with a he^t of 10 centimeters (4 inches), 
and a mean diameter of IE cendmeters (6 inches.) Three moulds are cast in one 

5. One of these kihii It itili in use, hot only for want of room for the roastrng 
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piece, BEd a, workman can make 600 bricta tiy four odoclc p, jt^ Lie work being 
as followfi : bringing and wetting his ore with mother liquor from liie crjstaliza- 
tioa vatB ; forming the bricks, and carrjing them to the drying groand. It sbonid 
be remarked iii regard to the time, that the workmen at Agordo are compelled to 
leave work at 4 p. m., because of the sulphurous aeld vapors ftom the roasting 
piles, near which they work, 'i here is nottiiug in the work itself which torbide a 
full day's labor, and a production of at least one-sisth more. The bricks weigh 
about 2 k. or 4'5 pounds each. They are air dried, and then piled on the outside 
of rousting piles in full operation, and completely dried. The weak soluliou of 
iron and zinc sulphates, which forms the epent !i<iuorfrom the crystalizatiou vatM, 
acts with a slight oiidiziug effect npon the grains of pyrites, and binds them 
together lilte a cement ; the briots are consequenliy quite hard. 

After drying they are piled in regular order, 70, 000 or 80. 000 ia a pile ; covered 
with small ore, and lighted as usual with logs of wood placed at the cornerB. 
When fully ignited a layer of spent roasted ore ftom tlxe liiiviafion vats is thrown 
over tliB pile to serve as a cover. The coastiug period is, as usual, 7—9 mondiB, 
according to Ihe size of the pile. This is then opened, and each brick is broken 
in two to ascertam whether it is fully roasted. Those which are underhumcd 
are thrown info a pile of fresh bricks and rocoasted. It is the peenliarity of thin 
mefiod that no brick is ever ouer-roasted, a fact that is fully proved by fifteen 
years' uniform eiperienca. 

A pertBct roasting, for purposes of liiiviation with water, is Ibat which leaves 
the greatest pos.'iible amount of sulphates. How much superior this roasting oi 
the ore in brick form is over that in lumps, is shown by the following reeulla com- 
municated by Signer de Hubket : 
Fine ore, stomped in moulds, roasts to a red-brown color 

and loses iu iisiviation 30 @ 33 per cent 

Ore in lumps, well roasted, but of a darker color, loses 18 @ 25 " 

Hie same, over-roasted, nearly black iu color, loses ]i " ■' 

Thus we see that the gain by crushing and moulding the ore is twofold. Over- 
roasting is steadily avoided, and the roasting is better than the best in any other 

This gain in soluble matter is of course principally iron sulphate, but it ie a 
weil-tnowQ feet that copper sulphate is much less easily decomposed by heat than 
iron sulphate, and we ought therefore to esptct an increase in the proportionat« 
extraction of copper even greater than that of the iron salt. If wa take liie ave- 
rage extraction of iron sulphate, from the lump ore, to be 22 per cent., and from 
ihe brick ore 31 per cent., the latter gives about 33 per cent, greater yield of this 
salt than the foriner. We have seen that the loss of copper in roasting and lix- 
iviaiion is estimated at no less than 44'6 per cent, while experiments on the new 
method indicate a loss of only 3 or 5 per cent., which is a gain in estraciion of 
7S per cent These results are astonishing, and, simple as ibe moans taken to pro- 
duce them are, must be Underlaid by some general principles of value. 

Were the molecules of which each lumpof ore is composed indeiiendent of each 
other, we siiould probably have an almost complete conversion of the sulphido 
into sulphate in roasting, as the heat produced by the combustion of one eitia 
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atom of sulphnr does not seeic snfGciout to destroy the sulphate aalt formed b j tlia 
burning of the other. When this diwtiuctioQ does take plaoe, it is probably dua 
to the fact that the particlea of ore do not all reach tte sulphate stage at the same 
moment, and fiiosB that arrive there first are subjeoied not only to the effecta of 
tlie heat stored up in them by the combuBtion of their sulphur, but also to the 
added h«ftt which the neighboring particles of snlphido give out in burning. 
Among the remedies, which havo been proposed for this evil, is the admixture of 
iner-t substances to keep the particles of roasting matter apart The improvement 
at Agordo may properly be placed in this class, thoi^ the substance miied in 
with the ore is not a solid, hut a gas ; it is air. But the air performs the func- 
tions of an inert non-oouduotor, and it is to tliis property that it owes its value. 

The I'eason why the bricks roast bett^ir than the lumps is doubtless to be found 
in Ihe difference in the physical condition of the ore, produced by crushing, or by 
the natural disintegration of the hygroscopic ore. The superiority of the small 
ore is in the seierance of the mathematical contact naturally existing between ore 
pnrtieles, in large lumps. That it plays an imporfaut part is proved by the faot, 
that no kernels are ever found in the bricks formed of small ore, the concentra- 
tion of copper in the centre being prevented by the separation of the lump into 
an infinite number of small grajna, which have no perfect contact. In the kernel 
rooslJDg, for which this place hau been so famous, it has been observed that the 
copper in one lump lias sometimes been concentrated in a neighboring Inmp, 
tower in ihe pile, witli which it came in contact. For the transmission of copper 
from one lump to another by any process yet suggested, an absolutely mathema- 
tioal contact is indispensable. Whatever the true method ol that transmission 
may be, it is evident that an action, so eiceediugly slow and delicate as it must 
be, could not proceed if the least chasm or other obstruction lay in the way of the 
advancing copper. There must have been a mathematical contact between the 
two lumps of ore, and it remains to explain why two neighboring grains in a brick 
cannot come into e<iually intimate union. 

Ihe explanation given at Agordo tor the transfer of copper ftom one ore mass 
to another, is that, in a pile made np ^t itregnlar lumps, there will be irregularity 
of intersdoes also, and some of the open spaces will he so large as to furnish air 
enough to cause too rapid combastion in the pieces immediately around them. 
The heat beii^ thus raised, the mass of pyrites melta superficially, and flows 
down upon the lump below, ihns establishing the eloso contact necessary for the 
transmission of the copper, in its process of concentration. 

In the brick made np of grains, none of which are larger than 1- 16 cubic inch 
and most are from 1-4 to 1-10 inch in diameter, this rapid fiision cannot proceed. 
Even if one particle gels into furious combustion, the ait which almoat surrounds 
it prevents the transmission of its heHt and there is no general fusion of the sur- 
face of the brick. Thus the airmaiubiins the disaggregation of the pile. 

Admixture of an inert sohd. like silica or shale, serves the same purpose as air. 
The poor ore at Agordo rarely has kernels, or only inferior ones. The interposi- 
tion of the silica prevents the advance ot the copper ; and when kernels are 
formed it cannot be doubted that the gangue, always small in quantity, is absent, 
or nearly so, from those pieces which give the kernel Thus we may re&r tliB 
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slow and even roasting of tbe bricks to the separation of the ore particles wMcli is 
accompiished by crushing ; wiile tJie mainteoance of this separation is due to tha 
non-conductor— air— by which Ihej are nearly surrounded. 

These fiieta may he observed daily at Agordo. The pil^ made up ore bricks 
are much less aggregated by fusion than (he others. Ordinary piles are found to 
consist, aSter burning, of a mass which has gained decided coherence by the haat 
it has undergone. The ore mnst be knocked out by strong blows of a )iammer4 
while the bricks, though somewhat coherent, yield much mora readily. 

It is proposed to teJce advantage of these results of many yeari, experience and 
erect (I) Crashing works in which whatever crusher is selected will have to exert 
both a crushing and a percussive action, as the Agordo ore is very hard and 
tough ; (2) Ovens for drying the ore. (The order for these had been received in 
lti69 ) In addition to this, there will probably be some changes in manipnlation, 
as at the lixiviation tanks where the ore is now moved twice, instead of pumping 
the liquor, a much less laborious operation ; but of this kind of improvement 
which is merely the reforming of a bad disposition of the works, and includes no 
principle. I do not intend to speak. 

The next field in which improvement is to enter is the precipitation of tha 
copper by iron. Three propositions are now before the government, as follows , 
J. Hot precipitation in revolving caskB, 12 feet in diameter, as at HkofleinAustria. 
This oueration is thus shortened to 12 hours, no basic saHs are produced, litUs 
araemcal «alt precipitated and the amount of iron used is practically a mitiimuin ; 
30 iron to lOU cement copper or 15i iron to 100 pig copper. It is difEonlt to 
inrtitute a fair comparison between the Skofie method and that at Agordo, though 
the ores have about the same value, because the ore of the former is already an 
oiide ; but leaving out the roasting in both cases, the following comparison o( 
loss and expense of material, in other operations, gives a good idea of the decided 
differences iu the two systems. 
To produce 1000 k. (2200 pounds) rosetla copper, requires at 

Agordo. Skofia. 

Copper In the ore 1412 kilos. la02 kilos. 

Wood 1-90 cubic meters. 

Peat 19-10 " 

Chiurcoal 3440 " " SI m. 

Iron .2750-00 kilos. 1540 kilos. 

Sandstone 446000 " 1540 " 

This comparison is the more striking when we remember the fact that only 48 per 
cent, of the copper -nhieh was smelted at Agordo had passed through cementation. 
The rest was obtained fi-om kernels and rich ores. 

3. Addition of sulphuric acid to the hquor during cementation. This is the 
Buggesfion of Signor »e Hoebbt. director of the smelting works-, who has worked 
out the method. The greatest defect of the present system of preoipilalion is the 
production of basic salts of irou. Those are t)ie result of the long contact of the 
hot hquor with the pig iron in the tanka and they cause a loss of iron, a precipi- 
tation of arsenical salts, and by adulteraUng the cement obtained, they prevent 
the immediate canversion of the cement to pig copper, and thus cause a loss of 9 
per cent, of the copper in the cement bj the double ftision which ia naceesary. 
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HignoT ]>B HuDsnT Siidn t1;at these incocTSQiences oon be sToided by the addition 
of milphuric acid to the cement liquor, a course which oitrries with it only two ob- 
jeiitions ; the cost of Oie acid aod the use of more iron ; whtla its adrant^^ea are 
the producUon of a cemout which can be smelted at one operation to fine copper ; 
and a larger make of coppeiiia. The latter, it ia true, arises pitrtly from the sul- 
phuric acid added and the extra amount of iron consumed ; but also, from the 
prevention of the basic salts. 

Experiments in the laboratory gave the following results ; 
Without sulphuric acid, the cement contained 1 — 3 percent, of arsenic and 30 per 

cant, of copper, the impm'ity being chiefly basio iron sulphate. 
Wilt sulphuric acid the cement contained uo arsanio, no basic fait, and 67—73 
per cent of copper ; the impurities being carbon from the iron, iron 
powder, ore particles and sulphur. The latter was in so small quantity 
that the cement was well adapted for immediate fining. 
An experiment in the large nay resulted as follows : 

Amount of cement liquor (charge for one vat) 13'75 cubic meters. 
Ooncentcaled acid I '26 litres (4 lbs.) 
Iron consumed to 100 copper 232'0O 
Cement contained copper 75 '3 per cent. 
Arsenic none. 
The importance of avoiding the formation of basic salts Sa seen from tlte &ot 
at of the ceu 



375,800 pounds contained only 58 'E? per cent, copper = 230,108 
51,790 " " " 9-89 " " " = 5,122 

Total copper pounds 225,228 

Allowing 33 per cent, for impurities by ibe proposed method (see eiperiment in 
the large way) the production of cement to yield this amount of copper would be 
297,007 pounds. As the amount by the old metiod was 427,590 pounds, we may 
looh upon the difference, or 130,5S3 pounds, as the amount of the basio anlte. 
These sails have the following composition : 

Sulphuric acid 35 35 

Ferro odde .4^-21 Iron 3*24 

Alumina 15-71 

Zinc oxide 5-53 

06-80 

In addition to this they contain a variable quantity of water. 

The enormous consumption of iron, two and three quarter pounds, for every 
pound of copper precipitated, in 1865, is, therefore, partly due to the formation 
of these insoluble salts ; for Hiey are formed by the union of a certain quantity oi 
the soluble sulphates with the iron introduced into the vat. But the amount o( 
iron thus laken up is only a little less than 22 paits for every 100 of basic sali^ oi 
about 29, 000 pounds of iron thus wasted iu tbat year. This does not by any 
means account for the quantity of iron nscd. But an an3,lysis of the liquor ob. 
tallied from A^ordo ore, sho^ that it contained an average of one-half per cent. 
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of anlphuric acid. As there were 345,087 cubio feet of liquor, the ainonnf of frea 
acid was 108,340 pounds. The statemeut for 1865 would therefore be as follows: 

Necessary -to precipitate the copper 195,610 pounds iron. 

Taken up by basic salts 28,601 " 

" " free sulphuric acid 72,226 " 

393,437 
Amount of iron used 640, 800 

Amount not accounted for .341,363 

Thus we are unable to trace more than half of the iron which is consumed. It 
we oEow 6 pec cent for carbon and ■ other impurities in the iron, and an eqnaJ 
amount for the iron sand always found in the cement, we should have a further 
deduction of 41,324 pounds. It may ha that ore roasted in the lump coal«ias 
more free aeid iian that roosted in hriekE, which was nsed in obtaining the liquor 
analysed . It is a little remarkable, however, that the formation of iron n^tn in a 
hquox whieh contains one hall per cent or more of free sulphuric acid can bo 
prevented by (he addition of so infinitesimHl amount of free acid as Ij litera 
to 16J cubic meters , equal to 16 750 liters of liquor. 

3. A third improrement >jiiggested is the precipitation of the copper as a sul- 
phide from tlie cement hquor To do this, bydrogea sulphide would be made by 
heating the rich pyrites with tulphunc acid, or passing steam over hot pyrites, ttia 
resulting Ha S being dissolved m waler contained in a large chamber. The 
cement liqnoc would drop into this hquid and the copper be resolved into sulphida 
which would then be smelied. The olfleciions to this method are the magnitude 
of the chambers and generators for hydrogen sulphide which would he required 
to treat about 3i5,080cabic feet of cement hqiior yearly; the necessity of manipu- 
lating the copper sulphide rapidly to prevent its takii^ fire, and oxidizing to copper 
oxide which cannot be worked in the furnace without loss, and the d.fflculty of 
handhng and compressing so large a mass of sp .ngy sulphide. Assuming the 
yiald of 1865 as a basis we have the followii^ esljmale of what woald bo required 
for this process ; 

231,000 lbs. copper requires 116,600 Iba. sulphur to mate copper sulphide. 
116,600 lbs. sulphur requires 220,000 lbs. pyrites to furnish the sulphm 
116,600 lbs. Bnlphnrma.kes 1,400,030 cubic feet of HjSgaa. 
One volume water absorbs 3 volumes Hj 8. 
Water required, 470,000 cubic feet. 
Or 1,513 cubic feat daily for 310 days. 

As the amount of cement hquor, in 1869, was only 345,087 cubio feet, tha 
volume of hydrogen snlphida sohition would be more than that of the cement 
Lquor. The iron sulphate would no longer crystallize outt Its production 
would have to be given up or the liqaot concentrated again by boiling, which, 
oonsideriug its extreme dilution, would not be profitable. Thus Agonlo is con- 
sidering one proposition to greatly increase its production of copperas and an- 
other, which may do away with it altogether. 

■ The oiroum-staneea by whieh iha works are surrounded are such that there is no 
great difference in economy between these two diverse procesdiugs. The towu is 
utnatod eo &r from routes of travel, that the proflis on o pperos ore nearly 
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swallowed up !))■ the freigtta ; bo tliat a very slight improTement in llw yield of 
copper, or in the cost of working it, might determino the sacrifice of the crystal- 
uafttion part of the process. On the other hand the deaiand forcopperas is good ; 
mereaaed make will cheapen prooesaes, ftud if a great improvement in yield nud 
cost can be ohb.iu'ed by a metliod which gives more of this mticle. tliere will b« 
nn advantage iu making it. This advantage will be inersased by the faot that 
BiguOT DE H-ubeht's metliod gives a fine product 

t The manula tiire ■ f Ciist or wroi^ht iron from the residues of the Uiiriation 
vats, is another snggestionwhioli was auder oonaderaljon. Those residues, as 
now prodneed, wonld [^ve a cast iron coutainii^ about 6 per ceut. of sulphur, which. 
With the present process, would do no harih. By the new method of roasting, 
ttje percentage of sulphur would be very much less and would indeed be as low 
M that of irou made from many good browu hematite ores. As the consumption 
of irou is about 300 tons a year and it could be made at the works tor less than 
$20 a ton while it now costs $30, the saving would be considerable. With the 
new system of imsUug there is in fact no reason why good irou, which would 
reiidily find a market, should not be made. If wrought iron is made, an open fire 
will be einployed^nd the unhammered bloom used instead of the pig. 

In 1869 the reoomraendations of Signor Pellait were confined to the mana- 
fectura of bricks, and the eteoUon of a blast furnace to make cast iron. The 
other proposals were nnder discussion. 

The importance of these ohBUges can be seen at a glance, by comparing the cost 
of the old and new works. In doing this I will assume that the manufacture ol 
bricks requires the same amount of labor as breaking out the kernels. We woahj 
have on the one hand the old process comprising (he 7 openitions already given, 
on the other, the new process with 4 operations as follows : Boasting, LiiiviaUon, 
Kning and Cemenifltton . Thei-e would be a saving upon each ton of ore of about 
h-!f a day's labor, 13 bushels of charcoal and most of the sandstone. This 
es tliat (he efforts to precipitate in such a way as to obtain finable copper 



The importance to this country ol a cheap method for the oitraotlon of copper 
can hai'dly be overstated. i:here is a vast quantity of 2 and 3 per cent ore m the 
United State.., lying in deposits that are already known, anrl scattered through all 
ihe States. Cheap and excellent processes are aheady in use, though not gener- 
ally so There are no stotisljcs available for makii^ an e^ct comparison between 
the cost by them and by the Agordo method. AU that can 1« pointed out now is 
flie dilferences inherent in these systems. One works ^Yith a very gre=.t economy 
of iron, and the other makes sulphuric acid as a by-produot. In cfaoiency and 
cheapness they m, so f^ as I know, very nearly on a p<u-. 

The advantfwe of the Italian method is the esiremely low cost of the plant, 
men the contemplated changes have been made, this expense wiU be conhiied to 
the ereoUon of a few rou'-h roosting sheds, lisivijtion vats, and a iimng furnace, 
if the amount <■! ore wilfwarrant it Thn outlay for pla^t ^yhicb the other systems 
require, is o&et at Agordo by .he interest on the cost ofmining. This interest, 
^9 months, at one per cent a month would, on ore that cost S2.50 to mme. 
amount to 23 cents a toix, and on ore that costs 810 to mine, (as it oft^n does m 
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a ton. The other ospenaeB bj the n 



r method wil! be aboat 



LnbOT Wood- Charcoal Irou Sand 

days. corda. bushels. pounds. ponuds. 

Makiog bricks 0-7 

Koasting bricks 0-3 0'003 

Oemeiitatioii 0-15 030 18 

Fining 0-12 2 10 

Total 1-27 0-033 2 18 10 

To this there wanH be a small addiljon for crushing which could be done bj a 
Blake or other coarse crusher. 

The oopperas which is a by-product of thia method, would be valuable only 
when the mine -v/as so sitnaUd as to enjoy cheap and abundant tcansportalioii. 

It should be noted that ihia process is applicable to other and more valuable 
metals than copper. The carefnl roasting which ret^ns 97 per cent, of the 
copper in the form of soluble sulphate would be equally effective with nickel and 
more so with cobalt. These metals or a mixture of them with copper or irun 
pjritee eau be treated by thia process and app irentJy with great success. In fact 
ore* that contain too httle of them to be utiliz^hle by ordinary methods, ouRht to 
be valuable whea brought nnderthis ti 
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THE MERCURY WORKS AT VALALTA." 



w milea from Agordo there is a meronry mine, and, oocnected with it, on 
ir treating the ore which offers some peculiarities well worth con- 
eidering. This is tha mine and worlis of Valalta, The roercury is obtained from 
cinnabar fouad disaemiaated generally in minute threads and spots tbrongh a 
Kiasa of decomposed porphyry. The rock also contains iron pyrites and gypsum, 
©IB latter being usually in contact with the cinnabar when it is concentiated m 
small veins, as sometimes oconis. Hand specimens of pnre cinnabar are found, 
but they are rare. As at A^rdo, this deposit attracts tha attention of the metal- 
lurgist chiefly on account of ifa poverty, and the means used to work saooessfully 
KO ore of so little value 
Three sorts of ore' are obtained by hand picking as follows : 

Good containing 2 -5 per cani mercury 

Poor " 0'25 ■' 

Powder " 0-25 " " 

In one year 4,910,000 1. or 5,400 tons of ore were mined, and the mercury ob- 
tMned was 17,000 k. or 18-7 tons which gives an average yield of 0-346 per cent. 
The loss as ascertained at the works was 0*10 per cent calculated upon tha ton ot 
ore, so that tha value of the ore is as follows : 

Tieia 0-34Gper cent. 

Loss 0-10 " 

Mercuryiuore 0'446 " 

It has been found that oi-e containing no mora than one-eighth of one per cent 
can be worked in this furnace. The methods by which an ore containing only 
45-100th3 of one per cent, is treated with profit, are as follows : 

The works bxb so situated that the sorted ore is run in ears on a tramway 

1. Forthaiiiformattoncontsinedinthisiiaperlam Indebted to Signer MiKiom, oi 
Agordo, lessee otthe works, and to Signor Towfe, manager. 

a, A full suite of ores and products of the distillatioa works can be saea al the Hew 
Tork School ol Mines 
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directly from the mine to the top of the furnace, and thie work is ciiarged to 
mining account AJ^ the furnace it is tiirown into a wood box, which is so made 
that it can be lifted up, and which is placed close to a hopper which forms the 
moutli of the fornaoe. In the roof of the latter there is a small pipe, with a cover 
which has a water joint. By looting through this pipe the workman aacerfoiiiB 
the oonditioii of the ote in the furnace, and by thrusting an iron rod through it 
he oscertsins the he^ht of the materials. The normal height of the ore is 3 6 
meters or 11 ft, 8 in. When it has sunk to this level a new charge is made, pro- 
vided the surface is red. 

The slide of the hopper is withdrawn and the charge e.ire . dy in it falls upon 
the hot ore. The sUde is then closed, the iron plate which covers the hopper, 
and which also has a waier joint, is raised, aud the new charge is dumped ia by 
tilting the boi. Charcoal, to the amount of 2 per cent, of the ore, is thrown on 
(op and the cover is replaced. The weight of the chaise is iBO to 5fi0 k.— 10S6 — 
1232 lbs, — and a new chaise is made usually every hour and a quarter. The 
daily work of one furnace (2* hours) is therefore 9,120 k. or lOi tons. 

The furnace is a shaft, and does not differ from the ordinary Hahkbr fntcace. 
The ore rest^ upon a large grate at the bottom aud after each charge the work- 
man pulls down with a hook an. equal quantity of spent ore. It falls into an 
iron wagon, running on B tramway, which is carried under the furnace by means 
of an arched way. 

The peouEarity of this furnace is Ua condonsation. This is by tubes aud 
chambers similar to those employed elsewhere, but the tubes are of wood and the 
mCTCUrial vapors are drawn through the condensers by suction, an arnngeincut 
very important in its results. 

1. It produces perfect draft, so that there is never a return of tlie vapors to the 
furnace and out at the furnace bottom, as somedmes happens when the draft is 
natural. With properly proportioned chambers the condensation is therefore also 
perfect, and the health of the workmen does not suffer from inliaUng mercui? 
vapor. In the 12 years during which this apparatus has been in use, there has 
been no general sickness, though formerly the hospital, usual to these establish- 
ments, had to be maintained and was well patronized. But there ore now no 
oases at the works, esoept (I beUeve) one or two which are the result of pure 
carelessness, or else remain over from old times, dnolhec proof of its efficacy is 
the revival of vegetation in the immediate neighborhood of the furnace. In 
former times the lessee had a yearly expense of 30,000 frani:s in makiug good the 
damages by the fumes which escaped from his chimney. He is now entirely 
treed from (his tax. 

2. It ensures a constant and regular now of the vapors from the furnace to the 
discharge pipe, and thus enables the means of condensation to be projierly pro- 
portioned to the quantity of fumes, and the rapidity of their discharge. 

3. It lowers the tension of the products of combustion in the tubes and 
chambers a Uttle below that of the atmosphere ; the column of gases being some- 
what retarded at the furnace end by friction of the air against the ore. For this 
reason when (he traps in the tubes are opened there is no discharge of vapors, but, 
on the cotttrarj', an entrance of air. The workmen are therefore able to collect 
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tliB moTCTiry aiid soot from tlje tubes withoat stopping for a motnent tie tun of 
iJio furnace. This, together with the following, permits an uaiuterrnptad oam- 
paiga of two years. 

4. By keepingthe amount or air admitted within regular Umita, it preyenta tha 
OTerheating of the funiaee. If this takes place the mercury Topoia leave th» 
fatnnce at bo h^h a heat that the usual me^tna of coudensatiou are insufficient 
and a loss of luetal ensues. 

It is to the enctdlent condensation and the two years run of the furnace, 
that wo must attribute the economical results whioh permit on ore containing 
Only 9 pounds of mercury io the ton of 2000 pounds, to be worked. 

The furnace wiili iis arrangements for charging, condensing and draft is shown 
in figure 3, 
The following are the details of construction : 

Furnace : Height 6'50 meters. 

Diameter 120 " 

Inclination of grate, about GO* 

Number of grate liatB 5 

Width " " I O'OB melera 

L.ngtK ' " 1-60 

Height of gangway ander tlimace 2^20 " 

Widtb 1-30 meteia 

Soppar : Height l^^O 

Lenath of mouth 090 " 

■Width " '■ 0'30 ," 

Lsngtt o( elide 2.25 " 

Charging boi:. ..Length 1"90 meters. 

Height 0-80 ■' 

Width : 0-80 

Tubes: Number to 1 furnace S 

Length of iron tubes in masonry 1-40 meters. 

" wood tnbea, each section 1-70 " 

Number of sections iu each tube 8 

Diameter of tubes, mean I'OO meters. 

Whole length of each tube na set up .15-10 " 

Thidmeaa of wood — O'Oo " 

Inollnfttion 5° 

Condensation obamlters (The dimensions given are nearly correct.} 
Hum-ber Height Width. ^"^^ 

lat 5 50 1'20 300 

0..1 din 1-aO 300 

a-80 3 ■■10 



3d 

4th 
5tli 



265 
2 70 

iao 

280 

2 30 
Cubical oontenta culiio feet,, 
bquare feet of external surta^e 



3-80 
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Ohimney : Tfeight from arch of 7tli chamber 10-00 

Lonetii of wood pipo 10 -M 

Diameter " " at top 0'30 

" attiotlom 0-35 

Namber of upright wood partitions 2 

Th« Mimace is bnilt with thiot walls in order to retain the LeaL The outer 
walls are built of slate rook and the lining of large ted brioka. Every two years 
the lining is bo worn, from tiotion of the materials, that repairs are necessary. 
Ailer the furnace is thoroughly cool, the remaina of the old lining are knocked 
ont, from above, and the new brinks &e laid with a oement composed of clay, 
iron filings and ac^id water from the condensation, apparatus. This water cou- 
taioB about 2 per cent, of sulphuric and snlpharous acid. In the outer walls 
oonunon mortar is used. While making these repairs the workmen are euipluyed 
only 2 hours a day to avdd sickness fcom inhaling mercurial dust, as the bricks 
contain a good deal of the metal. The expense for repairs is, however, slight 
Aftar two years, the necessary repairs cost only 150 francs for lalior and 50 francs 
ior material ; labor being worHi about 1—2 franuB ft day. With very hard bricks 
vhioh could resist tba Iriction of the ore, there is no reason why the furnace 
should not have a sljll longer campaign. The first cost of a donble fiirnaoo with 
two shafts, lloondensalion chambers, 6 Lubes, and the necessary arrangemenla 
tm supplying water, is, in Valaltn, 20, 000 francs. As before said, the funiace with 
ita.hopper corresponds in all respects to that invented by Hiiu<i!B. 

The Coitdensatiim Otmr^Krs. TJioae nearest tbe furnace are lined with a cement 
EiQlilar to that used in building the Aimace. It is made of ground scoria 2 pans 
and lime 1 pai'L The scoria which is much more servioeabla ih»n sand, must 
contwn a good deal of iron, as scorias from puddhng or rehea ii^ JUrnaoes, 
copper smelting, etc. That used at Valalta Is proomed in tiie copper works at 
Agordo. Those chambers which are placed be;oud the tubes are lined with wood 
2 inches thick. This is another peculiarity of these works. The wood not only 
forms a perfectly tight lining when it has been properly seasoned before use, but 
it affords cleaner mercury and also more of it during the campaign, from the fact 
that los3 mofal and snot cling to the smooth wooden sur&oes than to a cemented 
waL. Thus, after the first and second chambers, where the vapors are still too 
hot to permit the use of a wood lining, the fumes have an uninterrupted course 
through wood or wood-lined passages. After many experiments with cements, 
bricks, etc., this material has been found the best. 

The Tubes are also of wood. 2 inches thick, Theyare made in seotious, slighHy 
conical so as to fit into each other. Wooden wedges, driven firmly into the joints, 
make the whole tight. Iron tubes were foi-merly used ; but thoy made a great deal 
of Ironble, being rapidly eaten by the sulphurous acid vaponB, emanating from 
the pyrites in the ore. They had to be turned every 12 or 18 months and entirely 
loaewed in 2 or 3 3ears. Iron tubes for one furnace cost 8,000 Austriau florins ; 
wood tubes 2,050 florins. But of this sum the 3 iron rings on each section of 
wood tubing cost 1,200 florins, and as these remain uninjured, tho cost of renew- 
ing the wood tubing would be only 850 florins, (about $357). But the saving is 
even greatei than this. Though the wood tubes are kept coaslanUy wet, their 
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durability is much greater thaa tliat of iron, aad I beliere they haTS been i-enewed 
only once in 12 jeai'B. A main fault of tha iron tubeB is that the Hoot obtained 
from them ie contuiiiliiB,ted with iron dust and iron oxides, which makes tiie 
separation of the mercury fi'om the soot more difScult, and also introduces a cei' 
tain amount of iron iuto the mefuL All these advontnges— cheapness, durabihty, 
and serviceableness — give to wood a great superiority when it can be used. Iron 
tabes are still nsed for the sections set in the masonry of the famace and the 
chambers, but all other sections are wood. It require a constant and pretty 
heavy flow of water, and the wood must be of a kind that endures a condition of 
moisture as long as possible without rotting. Fir and pine are used at Valalta. 

Each tube auction is bound with 3 iron rings, driven on to the conical tube. 
Two trap doors are made in eB.ch tube, one in the top and one in the side. 
Through theee openings Che workman with a long handled hoe, the blade of which 
is small, draws the sout and mercury on the bottom of the tuba to one place and 
then removes it with a scoop. During (his operation hi^ iiice is protected by a 
wet sponge placed over the mouth and nostrila. This precaution should never bs 
n^lecfed, though when liie trap is opened the appearance of the tube makes it 
evident that there is htlle danger of the escape or vapors. The products of com- 
bustion are seen as a bluish gray, dense and moist cloud, moving slowly and 
regularly through the tube, and there is no escape whatever through the opan 
trap I an accident, which if it occurred, could not escape observation, from thS 
strongly marked color of the fume?. But as theworkman has his arm at times 
partially immersed in this cloud, and his face is therefore brought near it, the 
necessity of using the sponge, as a matter of precaution, is evident. On the 
bottom of the tube, mercury soot, and metallic mercury lying in small pools are 
seen, the bright surlace of the metal reflecting the light which enters through the 
trap, and illuminating the tube immediately anmnd it 

The course of the vapors is as follows ; from tha furnace to condensation 
chamber No. 1 which has about Bie same height as the furnace ; tiom No. 1 to 
No. 3 ; &omN6, 2 through the two lower tubes, each 15 meters long, to Nos. 3, 
4, B and 6 in succession. Thesa four ehambeis an' so connected that all the fluid 
in No, 5, whence it flows through an iron pipe to a kettle placed 
Iside, fed with running water. Both metallic mercuiy, and 
mercury white collect in this kettle. Very httle soot, and that very poor, collects 
in the chambers 1 and 2 next the fumrice. Most of it falls in the two lower 
tubes, together with some mercury. A good deal of the latter flows into chambers 
3 and i, and rtins into the kettle above mentioned. With so lor^ a campaign it 
is necessary to collect asmnch "f the metal producedas possible, wliile the furnace 
is still in operation ; and the arrangements at Valalta for doing this are very per- 
fects Prom chamber No. 6 the vapors pass through the upper tube to No. 7, 
thence to the Ist partition in (he chimney, where they rise to the top, return 
downwards to the second partitjon, rise again through the 3d partition and finally 
leave the furnace by a square wood pipe which, turning downwards, rests upon the 
mde of the chimney, and finally at the level of the tubes, or a little abuve, opens 
Into a watbr Irompe. ThiH has a fell of S or 6 meters, discharging liii water npou 
a wooden flx>or placed under tho tubes. This floor, which is carefully made, so 
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iis to he watfir-ano mercurj-dglit, slojiea from tlie furnace to flie condensation 
lioiise, wlifcre the ^latac runs off thron'^li a trough, wliicli in its turu empties into 
n eiaiern, in order that, by arresting tbe rapidity of the flow, any mercury tliat 
may have found its way to the floor way have an opportuuily to settle. There 
are two ways in wiiich tiie metal may arrive on the floor : lai. by laiiiing through 
Uie joints of the tobes ; Slud. by escLiping condensation in its cour e through the 
TitrioQS passaj^es nutil It meela the stream of water. But very little does escape, 
however, oiilj' a lew drops ever appearing on the floor or in the cistern. I do not 
know that any thing of importance has been coUected from those placca. 

The Churge oonsiats of t^e ore as it comes from the mice, and ot bric^ made 
np of .flne ore. Maoh trouble was e!:perionced at first, in niaking these bricks 
Lard. It was found that to produce a good brick, which wonid not thll to piecen 
in tbe furnace, tbe ore must not be coarser than one centimeter (04 inch) and 
must be cemented with some substance, like water containing snlphnroiis arid, or 
iron sulphate, which by attacking slightly tbe surfaces of the clay and gypsum in 
the ore, would act as a cement. The liquor in use is that which serves to con- 
dense tbe last coudeu^able matters in tbe fumes, and is said to contain 2 per cent, 
of sulphurous acid. The bricks are made in moulds 10 centiinelers (finches) 
high, and with a mean diameter of IE centimeters (6 inches)- They are dried on 
iron plateEi. About one-third of the ore is charged in this form ; bnt the charge 
is sometimes one-half coarse Ore and one-half bricks. 

The Loss in working is, according to the assays oondnually made at the works, 
224 per cent. ; or 010 per cent, of the ore upon a coutont of O-lie par cent. o( 
mercury. 

The T'rodada of the distillation are ;— 1. Mercury, This is very pure and 
brings the highest price. It is all consumed in Italy and Austria. 3. Mercurial 
soot. This is composed of mercury in the state of powder, mised with a little 
ore powder, mercury sulphide, charcoal powder, etc. It is brought to nature by 
rubbing it on an in 1 n d tabl wh n the grains of mercury powder coalesce by 
friction and collect n d p at tii bottom of the incline. The remainder is 
made into bricks and e-distll d. 3 Ueroury white, wMch forms but a very small 
proportion of the p dn t. 

The spent ore, ast d hagifrm tbe furnace is cot very hot, gives out no 
vapors of mercury and nly a h ht dor of sulphur. 

The Lahw employ d s ts f2 men to each furnace ; lenglhof shift 8 hours ; 
or 6 men to 24 hours. They baring the charcoal, majje the small ore into bricks, 
charge and discharge the furnace, collect the soot, work it over to extract its 
mercury, and pack tbe mercury in sacks of Icid skin which are afterwards phiced 
in small kegs. Thus the 6 men complete tiie personnd oS one (umace. They are 
paid at Valaita an average of 1 -20 francs (24 cents) a day. Two furnaces require 
a double number of men. 

The J5irf is pina and Sr ohansoal costing 7 francs a cubic mater ; or 5 
cents, coin, a bushel, Tery nearly ; 600 cubic meters or 18,875 buslieis are used 
for two furnaces yearly. 
2 he Eepease <^ Tteaimeiii was given by Signor Tome as follows : 
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i 10.000 K. 

franca. 

DisdllatioQ (labor) J5 02 

Workingaoot O'OS 

Bo™Lt.rpaia on produ-tion 2 30 

Miiteriftia 24-78 

Eepairs ; labor and materials 1-35 

Itumimg expcuses 43-50 

Genei'ftl repairs ii' 72 

Admimstralioa 11*90 



, 134-73 



Total cost of 34-0 t. mercury.... 133-85 

CoatoflUQOk. ore, frauca 19-39 

Cost of 2i)U0 pounds $3.-53 

The cost is therefor S3-53forono ton of or? producing 6-92 poiiud9 nf mercury, 
or 51 cen's a pouud. 

Tli'^ espen-^iH for abor ftiid maferiah upon one ton of ore (lUOO k. ) is as follows ; 
both labor and materials being included under the lioad of "repairs." 

Labor. CliarcoaL Rnnning General 

Repairs. Repairs. - 

For 1003 k 1-64 d. Si lbs. 2-7 cents. 7-5 cants. 

PTOporiioualfi parta. 

Total co3l = IljO,. 33'S 55-20 300 8-30 

Miiiinscost per ton (20O0 lbs.) $2-45 or 69 

Distilliiig 1-08 or 31 

$3-63 100 
Tliough comparisons are never more to be distrusted than when made upon 
orea of meronry, mined in distant districts and worked in fomaoes more or lesa 
dissimilar, it is nevertbeless iastrnctive lo set Uie results of the Valulta furnaca 
D^'aiusl tliose in other works. The distiuctive charaoteristirs of the Hahnsb 
furnace is, that it is a shaft and that it works oontinaouBly instead of intenait- 
tently. Other ttimaces are either of the reverberalorj form or, if they are built 
like o shaft, they are intermittent, being fUled, fired and cooled down at each 
operation. Between the Hihnes furnace at ValaHo and those at Idria in Anatria 
and Kipa in Italy, theie lite two imporfaut differences— that of drawing air regu- 
larfy through the furnace, which is not done at either of the ' 
places ; and the condensation, which is by large chambers and n 
at Valftlta, The work in these furnaces ehows some notable di 
At Idria! the ore is chai^d with 3 to 4 per cent, of charcoal every 1 J houiit. 

The ore contains 3-11 per cant mercuiy, 

'iiie yield i^ 1-iJO 

Loss therefore 1-21 or 38 '9 per cent 

At Ripa< 

3, Btb- & HQii. Ze.'niiK. 1B34, p. 419. 
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The charge in al honca is 8,800 pounds. 

CharctBil 352 " or 1 per cent 

The ore confaina 1 per cent. 

The yield ie only 25—30 per cent 
The system of oondeuealioD by obambera is not so thorough as that by ti 
and at Idria and Kipa the condensation is further hindered by the t 
umount of charcoal used, amountiug to EO and 100 per cent more than at 
Vftialta. Tliia must add vecy greatly to lie ieniperature of the gases. Whether 
the regular and moderate flow of aii prodnood by the trompe would effect a re- 
duction of Ihe amount of fnel cannot be told without eiperiment The ores are 
practieftlly lie Banie, except in ■■egard fo richness. It should be remarked tiult 
poorer ores at Idria require more ohftreoaL 
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On the left bank of fbe Khine there ia a aondBtone layer which covers a surfeoa 
seTeral square miles iu aren and for a thickness of more than 100 feet, contains 
lead in the form of salpUde and carbonate. The roefc contains hut little lead ore, 
from 3 to 3 per cent, only, but it is so friable as to break up to sand by the mere 
shock of the blast, and a simple but careful concentration permits the treatuieut 
of ore BO poor, sven, as this. Although this ore does nut resemble that which is so 
oominon in Utah and Nevada, either in mode of occurrence or in appearauoe, it 
has aboat tha sarao composition. The product conaisla of about 42 per cent, 
galena, 28 per cent, lead carbonate, and 30 per cent, quarbi and clay. But these 
proporfione are not exact. Tha amount ol silver varies from 0'007 to OOH per 
cent, or 9 to 4 ounces to tha ton of waiihed ore. 

Tha general mode of treatment is byroasiiug and subsequent fu'fion with pudala 
Blag and sometimes with metallic irou. There ara two works, those of the Mecher- 
nich Company and those of Messrs. Pmsia & Juso. Three kin Is of ore are ob- 
tained. Smelting ore, "glasur" ore used for glazing earthenwa.re, and white- 
lead ore, part of which ia worked up to paint by Rhobios Bbothehh, near Linz, 
on the Ebiue, by moans of the gas which iasnea &om natural gas wells. 
THE MECHERNICH COMPANY.' 

EAMMELsBcnG givcs the following proportions as the average product of these 
sorts, at this establiahrocHt :' 
Smeltiugoro 20,900 tons containing 58 percent, lead 

White lead ore 660 " " 50-52 " " 

Tha ore is roasted in furnaces which have a hearth 33 feet long and 12 feet 6 

1. Tor inform ation contiuned in these notes on Mecheraich, I am iudebled to Heii 
lemiat to the company. 

iitsofthe ores and fiirnaee products ot the Mechemieh Company are in th« 
10 Sev York Reboot of Uinei. 
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inches wide. Tbo roof is mado of hollow bricks to lessen tlie weigtt and the 
anoi-mous thrust of an arch so very flat, a weight which sooa causes the falUng in 
af an ordinary roof. These bricks are 13l inches square, 9 inches high, and have 
1 deep depression in their upper Hurface bo that probably two-fifths of tho maferial 
is removed. The doora are formed of a casfr-irou frame set in (he brick work, the 
g 2 feet long, I foot high and with an opening 8 icuhes square. This 
d hy a caEt-iiou plate. 





Pigur« 4. Figure B. 

Figurt! 4 ahowB the form of the brkka and figure 5 that of the icon ciistinga for 
the doors. 

A ca9l>iron hoi on the top of the fnrnacs ruoeives the ore while it is drying. 
About ninety centners or 9,900 pounds are charged every 12 hours, so that the 
ftimaee roasts 9 to 10 tons daily. The rapidity of the roasting depends somewhat 
upon the proportion of carbonate in the charge. When there is miioh of this, 
the roastii^ is rapid ; and the large iimount passed through these famixoes is also 
due to this ore. At Freiberg, where the ore ja altogether sulphide, the fumaoes 
tannot work so much. Tho Mschemich works have 10 of these ftimacea. 

The management of these fumaoes is peculiar. The ore hes ia a much thicker 
layer than is usually allnwod, and toward the flre-place it is heaped up nearly to 
the roof, in the Muter slopir^ away to the sides, where the gases mostly pass. 
Next the fire-plaee there is a depression in the hearth, called the cmeible, de- 
signed to receive the ore which is completely melted toward the end of the opera- 
lion. The ore forms a broad Iwnk at the edge of this crucible, and in immediate 
coulaoi. witli the ftames. It smells rapidly, an; as fast as the melted ore runs 
down into the crucible the ore behind it is pushed forward. 

But it is evident that this method of treatment is not favorable to the liberation 
of the sulphur, a proce&s which demands the most complete uccess of air, and 
access is prevented in these furnaces by tho extreme thickness of tho ore layer. 
Accordingly wo find that although the ore cannot contain mora than 5 per cent 
Bulphnr, 38 a great pact of it ia already oiidized and there is no pyrites present, 
the roastir^ is still far from perfect. When (he ore arrives at the crucible it does 
so with its.galana probably not more than half roasted and the melting down of 
the fine and intimately mixed quartE and lead oxides is then so rapid that the 
galena is covered with a glaze of slagged ore. It is oarried down with tho latter 
Into the crucible and forms a layer under it. I should judge the furnaces were 
producing, at the time of my visit, fully 20 per cent, of this unaltered galena. 

This oraeoial galena is very much richer in silver than tho ore which has been 
converted into silicate ; a circumstance which is due to the stronger ehemism 
between silver and sulphur than between silver and oxygen. An assay was made 
at my su^estion of the oiidized ore and the unaltered galena from a furnace. 
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which imfoctnnately for the trial, was ruuniug on very poor ore, containing about 
25 per cent k-j,d. 
I. The uniillOTeil galeiia contiiined 0O55 per cent silver or 7'3 ounces per ton. 
II. The lead silicate " O'OOS " " " 23 

To prevent the fonaatioti of this product a new turnaea has been built. It 
has two hearths, an under and an upper, with 75 feet of hearth length. This 
is s. Btiocess in no far as its roastli^ is better, its product being an almfet ooui- 
pletelv homogeneous silioate, with but f«w [arliolea of galena distributed through 
it. la repeating tais experiment a furnace haa been built with a total length of 
hearth amountii^ to nearly 82 foot. The result has not bean made public. There 
is, ho vvever, one difficulty ooanected with the rednctioa of the sulphur to bo small 
an amount Under the old circumstances a certain qunntily of matte, about 2 
per cent of the iliai^e, was formed and collected at the bottom of the conical pota 
used to receive the sla3. But a less quantity than thja would probably elude col- 
lection and have to be thrown on the waste heap with the eit^. A, certain amount 
of matte is always retained by the slag, either in solution or in minute drops 
moohanioally held. If the anlphur cun be reduced to the amount which the slag 
has always retained in this manner, there would certainly be a gain ; but if the 
liberation of iha sulphur is uMt carried so for, but still far enough to make the col- 
lection of the matte impracticable, there would be a loss. 

In roasting by the former method it was impossible 
to ascertain theprogcoss of the operaiion, for the 
mass of ore in the furnace was by no means homo 
geneous. The amount of galena which passed un- 
changed through thobperation proved that it was very 
incomplete. In the new furnace, however, the 
amount of sulphur liberated can be ascertamed , and 
with ore containing '6 to 7*5 per cent, sulphur, cor- 
po di t 18'5 and 56 per cent galena, the 
tel re h. 1-5 to I per cent, coirespoiidmg to 
11 d 7 per cent galena. The larger of 

th se q 1 1 15 per cent, sulphur, corresponds 
to t of matte equal to about 6 per 

t f th but this would be very much les- 

1 by th Iphur dissolved iu the slag Awum- 
ing that only onO'half the sulphur was formerly eli- 
minated iu roasting, we find that about 3 5 per 
cent of sulphur in the shaft furnace give about 3 
percent of the matte. Eeducedlol'5 per cent, the 
sulphur would probably all be absorbed by the tlags. 
and the now method would therefore be advantage- 
ous. It is hoped, however, that the ore can be , 
entirely freed from sulphur, or the latter reduced to I 
most, and in (hat case there would be a considerable saving by the better roasting. 




A— Charging Door. 



The Furnaces in which the roasti'd ore is smelted, are showuin figure G. They 



db,Google 



82 HECBERNICH. 

are bnilt of ordinary red brick. Tlioy are 15 foet high, and i Feet square, and 
bBTe i water tuyeres, which are of the huilt up kind, the back piece being bolted, 
instead of east, on. 'ihese tuyeres iiave been discarded in most works. The for- 
nacea are closed at the top by a brick flue, the gases being led to hitih oMinnien 
which complete the system. Other dimensions are as follows : 

Height of furnace 16 feet 

Section, square *X* 

Height of slag hole above tap hole 14 inchoa 

" " side tuyeres above slag hole 10 

" -'back tuyeres above side tuyeres 6 " 

" " " " top hole 30 " 

Length of tuyer ,. 30 " 

Diameter of tuyer outside 14 " 

" interior H" 

Material of furnace Red briofc. 

( Coal aahes. 

Malfirial of hearth, brasque made of i Clay. 

( Coke dust. 
A round furnace had just been finished at the time of my Tisit, designed accord- 
ing to the principles which gave euohsuooesa to the Freiberg furnacei. Its 
dimensions were as follows ; 

Height 15 feet. 

Diameter at t<q) 6 " 

" ofhearth i " 

Air is supplied at a pressure of 9 inebesof mifer bytwofans made after especial 
designs. They have the usual tapering vanes and do ostremeJy good service. 
Their dimensions are . 

Diameter 6 feet 6 inches. 

Width of blades at center of ian 10 " 

" " " eircumference i 6 " 

Diameter of condneting pipe 10 " 

Kevolutions per minute, maximum 1200 " 

I' '■ " when regularly working 8U0 

Only one fan is in constant use, the other bping kept in reserve. In the blast 
house the pressure is lOi to 11 inches of water, which diminishes to 9 at the fur- 
naces. At the time of my visit this tan supplied 5 shafts and 1 cupel furnace. 

The Charge. It has been found that a slag which is to be free from lead must 
contain at least 40 per cent, of oside of iron, and as the Mechemich ore contains 
none of this metnl, its only impurity being avery small amountcf copper, iron 
baa to be added to Ihe charge in some form. For this purpose poddle slag is 
brought ftom Eschweiler near Belgium, and when t'iere is any raw ore, or much 
unosiiUzed galena in the charge, a small quantity of cast-iron is ako added. 
The ohiUge is made up as follows : 

Enaatedore 65— E8 percent lead 100 

Puddle skg 60 

lamestone 48 

Iron 2-5 203 

Coke = 9-9 p. c of charge or 20 p. o. of ore, . . 20 
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At Uie time wUea the charge aboTe given was taken down, tte worlis wore 
compelled, for lack of sufficient number of laborers at the roaKling fumucea, to 
tvdd raw ore, which aoeounta for the iron in the charge. It will be obaeiTed that 
the amount of coke uaed is very email, a oonsequence of the fuslbilitj of roasted 
lead ora About 35 tous of charge are smelted iu 2i honrs. 

ProdiwJs. From this operation are obtained ; 
Lead containing '014^ 0-027 per cent silver or 4—8 ounces to the ton. 
Uatte containing 10 per cent. lead. 
Slag containing 0'75— 1 per cent. lead. 

The slag is received ia iron pota 3 feet high, 16 iuehesi in diameter at the top 
and inches at the lower end. In these the matte settles to the bottom, nearly 
every blook yielding 10—25 pounds. But to maie this settling of the matte sure, 
it is indispensable that the pot be rapidly lilled. When this system of drawiug- 
off slag was first introdaced, several trials were deemed unfavorable which failed 
only because the slag was allowed to drop slowly into the pot, and the lower half 
of the contents became solid before (he upper half ran in. Perfect fluidity of the 
masa is necessary for the setthng of the matte, and for this reason the furuaca 
must be a closed one ; a form which has many advantages besides the collection 
of small quautilicB of matta which might otherwise be lost. 



In former times three out of the five systems of deailverizition by zino were 
practiced at Meohornich oud in its neighborhool The diffarenoes, a= with all 
these methods, were iu iho method of dezincing the lead after the silver had 
been removed. These threa methods will be considered in describing this and 
the following works. 

At Mecheruioh the kettles hold 11 to 12 tons each. The zinc amounts to one 
and oue-twelfth percent, of the lead and is added in 3 portions: (I) 0-75 per 
cent. ; (2) 25 per cent. , (3) 063 per cent. On 11 tons this is 165 55 and 
18i pounds ; total 2334 pounds. The zino alloy is ladled inlo moulds and the 
pigs are heatud in a tube slightly iuclined. By raising the teraperatiire gradually 
a good deal of the lead runs out, leaving an alloy much richer in silver. Toward 
the end of the operatiou the alloy is stirred wiih a rod until it becomes quite 
"dry." *ndhas the form of lumpaorshot. It is than melted Hnd cast. Its silvet 
now amounle to 1-5 to2-B per cent., but much richer alloy is eumetimes oi>. 

The lead which nini from this lube contains 0'012— 0-020 per cent silver and 
passes again through the process of dasilvariz itiou. 

Tiealmeiit of (lie rich aUoy. These works long retained the old method, rejected 
everywhere el.se, of tininq; Hie rich alloy with puddle slag to temovri the zino. 
The fusion of silver at a high temperatnro in the presence of zino sh uld, accord- 
ing to all laws of metallurgy, be an opera'ioQ attended with cousideritbla loss, 
and great care was taken to make this ai smeh as possible. 

T.,e furnace was 10 lest high and 2i fuet equaie, and had3 tuyeres. Iiww first 
started vrith puddle sliig alone, and when this was flowing freely, the alloy was 
ohnrged. 

To 100 of alloy 90 parts of puddle slai- were added and smelted with 17—18 
ooke. The pressure of the blast must not be uiore thua 6 inahoa of w.iter. 
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About 7,700 ponndR of tbls mixtare were Boielled inMtonrs, and the loss ia said 

to Imva been not mere than 1 per csut. of lead ftt tbe oateide. 

The poor lend is dB-ziuoed in a similar mannet. It is chars^ ^ ">* P"^^'^ 
B% in the proportion of 100 lead; 4 to 5 puddle fiUg, and 3 to 4 coke. It is than 
poled and caat. It is very pure, as tbe iollowing analysis by Mr. ExsKHaoT. 
chemist to the Company, shows : 

gil^gj 000025 

Copper'.'.''.'.'.'.''.'.'.!!.' 0*)25 



Autimony. . 



. 0-0050 



Iron O'OOaO 

ZiQo t""'^- 

Nickel 0«f21 

Lead by difference 99'9871G 

lOO 

Within three years ths method of de-zmcing by aieam hai been introduced at 
Mecbeinioh. ^Vben the third alloy has been taken off, steam is introduced lot 
two hours, the lead beins kept at a red heat, end covered with a close hood. 
Then the hood is opened to .illow the air to e.iter and the paf^sage of steam la 
conLinned one hour, to remove the antimony. The new metiiod produces more 
Bcraps bnt saves in labor, Its chief ftrJvRnt^iges, however, are the more perfect 
removal of antimony and the complete removal of tUe nickel, which by the 
analysis last given is Been to be present in small quantity. What alteration the 
chnnpehas had upoa the quality of the lead is to be seen from the ioUowing 
aTerag" of two analyses, made by Mr. ExsENiinr upon lead produced by the steam 
proceaa : 

Rilver 0-00053 

Copper".".". : "-OOl'S 

A.mmony 000105 

Iron. 00*'<54 

Lead by difference . 99 M3"^ 

100 
Therloh lead, now freed' of its zinc, is poled for one hoar in a kettle, and 
oupalled in an EnRlish farnace. hftving the ordinaiy elliptical test, with axes of 
3 and 4 leet. Tne mn lasts 5 to 6 days, 13.000 pounds weight of lead is onpelled, 
and the "bntton of eilver weigha about 150 pounds. The tuyere is a pipe 3 
inches high and 6 inches wide, the blast parsing through a ziun pipe 3—4 inchea 
in diameter. It is the eiperienoc of many works, that a large tuyere of this 
kind maken poorer litharge than one with a narrower orifiBo. 

TnaimeKt of ihe Matte. Matte amounting to about 2 per cent, of the ore's 
weight is obtained from the fusion of the ore. It ia roasled and smelted with 
load Boraps to second quality lead. This contains more antimony than the first 
lead, but still considerably less thtin one percent tbongh sufEcient to giveit a 
silvery whiteness. It ia partly made up into shot, au old shaft in the mine 
eening for a shot tower, and the shot being made on En^lisli and A 
tCDoant. 
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THE COMMEEN WORKS. 
Messrs, PiRiTH 5; Jvsa huve a similar establish me iiC in Otiniinera near Meeh- 
erniub, and trtnt ore from the gaine BaQrlstnuo laysi'' Their mine, liaweTer, 
jirodacES lem galeiie, in proportion to the lead curbonute tb»a tlie other, and 
they ponspqnently have less unaltered gflleoa in tbe roiisted ore. The rcuord ..f 
two of their rocBtmg furnaces for tbtee weelts ia iniere^ting : 

Furnace No. I. Fnrnaje No. II. 

Coal llB. Ore Ihs. Coal lbs. Ore Ibn. 

Angnst 7 28.400 180,509 32.200 186.500 

" 14. ., 30 400 ITG.OOO 31.800 1H8 750 

•■ 21..! 29,400 190,000 30,200 203,000 

88 200 51G500 94 ,2 M 578, 2G0 

Total ore roBfitsd 1, 124, 750 lbs. 

" coal consumed 183,400 " 

Thin amonnls to a nonaumplion of 16-21 pet cent, of i«al, and a daily produui 
of 53,580 ponndu from two tumaBas, There are uo analyses of the rousted ore . 
at hand bnt its composition is pretty nearly : silioa 35, lead oxide 55, clay, irou, 
inlphnr. copper and antimony, 10. Lituestoue id soLaetiiuus added iaroostiug ; 
but only wLere there is too litile lead present 
Ths luruaces have the I'ol lowing dimensious : 

Heigbt U feet 

Section 4yi 

Tuyeres. 4 

" height above tap 17 inehes 

Tlie material is red brick and the campaign usually last 3 to 4 months. Th« 
obai^e is composed of 

Boasted ore 44,000 pounds. 

Uiiroasted ore 9,900 " 

Limestone 18,900 " 

Pnddle slag 27,500 

Coke 11—12 per ceoL Il,aa0--12 Ofil} 

The amoant reported to be pnsaed through these fiironeen daily is enormous ; 
amounting to 132,000—143,000 ponndu, and if the Meohernicb work-i, wilh the 
Bams ore and !he same furnaces smelt only S8i tons in 24 boura with 10 pvr 
oent^ of ookf^, it is hardly possible that the Commerii works put through 66 to 71 
tons with 11 to 12 per cent, of fuel. The latter qtiHnli.ii-s are tully i-qnal to the 
largest charges the mnuh larger fiirnaoes of Freiberg hare run throuLjb, whett 
tht' charge iiousiated almost entirely of fusible elug. 

Bach fiiriiaoe at Commern produces 27,500— 28,600 poinds of lead daily. 
Tue flag is reported to oontaia 0-3— U'4 pi.r cent. Uod. and the lead about 6 
ounces to the ton. 

In the method of desilTeri nation {before the jutroflaofion of the steam pro- 
ot^sd) there were sooie differences from that puraned at Mecheriiich. After 
irelting in the kettle the lead Kaa first poled to reuiovo all impurities. Poling 
oonsJHlB in plunging a stick of green wood in the melted metal, which is hot 
euotigh to cbar it rapiiil;. It gives out a grsot quantity of gas, partly composed 
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ofBleam from tba large smount of water ooutaiuea in green wood and partly 
oarburetted oumpoanda resulting irom tlie decomposition of the fibre. Tlio 
esuape of these gases throws the bath into yiolent ebullition and every part oC 
the metal is brought to the aurfaoe, where the lighter alloys of iron and eoppor 
with zino remain. As at the neighboriug works 1 -08 per oent. of zine is added 
in three operationa, bat the amounts are Twied, being lat. 0-66 per oent,, 2ud. 
0-34 par cent., 3d. 0-083 pfr cent. 

Tbe chief point of difC<.ienoe is in the treatment of the poor lead, in order to 
free it from zinc, the old metliod, euggeeted when the zinc process wan first in- 
vented, being in use. The lead is melted in a reverberatory furnace under a 
layer of coal, on whioh is a layer oompoxed of salt 2 parts, sand 1 pact and lime 
1 pftit. The furnace holds 22,000 ponuds lead, whioh it is treated for 8 to 9 
hontB Hnd the product ie "best selected" lead, the pu;ity of whioh is sufQ^^iently 
proved by the roUowing analysis made at Clanslliid in 1869 : 

gjl^^r (^23 

Copper' '.'.'.'.'.'.'.'.'.'.'.' 00034 



Antimony.. 



. OOOSl 



0'0U13 

Lfcid by difE.'renca . ^S-^Hi'i 

100 
THE WORKS AT CALL. 
The works at Oall> were estabtishsd lar the purpose of working over old slag, 
lelt by the Romaos. or some leas ancient people, and this mateii.J ia still 
tj'eated, but the bulk of the the lead is made from purchased ores. The latter 
are obt^iue^ in Westphalia and also at Stolbeig. Thsy are mised vfith brown 
spar oop!»r pyrites, and isino blende ; the lead contains about one-half per cent, 
of antimony. Of silver the lead contains about 0025 per cent^ or 7 3 ounces 

Ay at Mechernioh the ore is first roasted ; the furnace being 45 feet long and 
7 lB6t wide with donblo sole, which gives 90 feet of hearth lengtli. This fumnce 
n II hold about 88,000 pounds of ore, which is charROd every 6 hours in posts ot 
S 300 ponuds. Font po«to are drawn daily so that 13,200 pounds or 6i tons are 
roasted daily. Like the Mecherainh furnaces there is a deep hearth neitthe 
Bre place «here Ihe roasted ore ie melted, and the furnace is tapped erery 12 
hours, from thtse figures it will be seen that the ore remains f.o.u 6 to 7 d.\ys 
in the furnace. „ , - 

The blast furnaces at Call are remirbuble in these doya for having but one 
tuyere They are lU feet hifib, 4 feet Irom front to back and 3 foet wi(.le. The 
top is cloRed by a hopper bnilt of brifk and licted with cement. This hopper iH 
iRrge enough lo contain one charge. It is closed by a sUde which, being pulled 
out, Sets duwn the charge. Ttie hearth is imrrowed a liUle lo prevent the for- 
ination of sows. About 161 tons of bbav^e are smelted iti 24 hours. J'he bl^t 
ia by fans and the pressure 8 in.:hes of water. Another tnrnace is sqiv^re and 
has 3 tuyeres. ^^____^__^ 

8. PreuBB Zciteobriit, 1868, p. 268, 
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The lead which on an ayeraga oootuint 260 grammes pilve 

a little mora than 7 ounees to the ton, is melted it 

22 inehefl depth, holding aboat 25,000 poaads. Tha dross is taken off. lh« load 
he.ited until ziuo malta readily on it, when 198 pounds of zinc is added, 
stirred for half an tour and the whole snfferpd to cool until the zinc Bolidifies on 
the sucfaco, when it is taken off. This zino ornst is at first about 3 lines thick 
but the temavnl of the sutfaee lead is contiQued until the lend begins to erjstal- 
lizo which, it has been found, takes place when about 2 inches of the bath haT« 
been temoved. 

The first charge of zine haying been taken off the kettle U filled np with 
liquated lead, (see below) 68-2 pounds of zino aie added, aiid after a repetition o( 
the above process a third charge of 38-5 lbs. is put in. By these three ehargas 
30i-7 pounds ofaino have been added or close on U pat cent,, aud tha silver leJt 
in the kettle is reduced to 0*0035 per cent, or 0-16 of an ounce. The source from 
which this liquated lead is obtained will be seen below. 

The lead originally conlaraed about O'lo per cent, of antimony and 0'2 per 
cent of copper. It now has ncArly ail the antimony ooueoLtratad iu the ra- 
maiuiug lead, but is neurlj Iree from copper, which has Icllowed the silTer lo 
uniting with the zino. 

To remove the zino ft method was formerly employed which was the invention 
of Mr. Hbebst, one or the proprietors of the works. It is to this gentleman tliat 
metal iurgi BIS owe the ro-iiitroduction of the zino process after it had lain nmny 
years neglected. His improveraenta and perseverance established the proae^ 
ou a BUCcessfoI basis lor the first time, and the remarkable advances made in this 
roetho, during the last ten years had the following process for a starting point, 
though it has since been abandoned in nearly every works. 

The lead containing zino was heated to a dark red and ooverad with an inU- 
mate niiitnre of 110 poundi salt and 320 poundR lead sulphate. For lead oou- 
taining 6 per cent, of zino. about 330 pounds of th.s mixtute was cUargad lo 
each ktttle. Soda snlphate andzinc chloride were formed, but the larger part 
ofthezinomust have bean removed as zinc oxide. For 24 750 Ibi. lead at 0'6p, 
cooutaiu 1485 pounds ofziao,reqairmg 163 pounds of oliiociue to make ZuOl. 
But the 110 pounds of salt charged contain only 77 pounds of chlorine, vety 
much of wliich remains as sodium chloride. The 'Baltslag" remaining oon- 
niited of unaltered sodium cliloriLii', leid sulphate, mingled with zi,jo osychlo- 
rida, soda sulphate aad metallic loi.d. After twenty-four hours the zinc was all 
removed. 

The lead now contained no impurity but antimony, and it was with a view to 
the removal of this troublesome ingredient that the peculiar kettles used at Ciil 
(and I bxUeve no where olne) were designed. 

Antimony cannot he removed by steam, but requires for its oz'dation the slow 
action of air upon the heated lead, Wlien steam is uped for the removal of thia 
metal, as at Mechernieh and many other worlis, it acta merely as a mechanical 
stirrer of the lead, throwing it np and ohanijing its surfa.-e oonstanlly, so that 
every particle is brought in contact with the air. 
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At Call nftPT poling tbe lend for half an hour it is liept iiloug Hmp, Uhnally ■18. 
Bomotimes 72 houis at a red heat, and covered by a luyerof lime aliioh ptcveula 
the volatilization of the lead, bnt does not hinder the aeeesB of the air. Lead 
containing np to one per ceot. of antimony can be Bottened in tLis way ; that at 
Call Bometimea reaches one-half per o^nt. 

The oomplete removal ol the antimonj is ascertained by easting a email ladle- 
fol of the lead in a scoriller or aseaying oruoiblp. So long as this ooulraofs in 
ouoling leaving a crystalline star in the centre, antimony is indicated. Bat 
when there is icerely a depression in the centre of the button, with no star, the 
procees is known lo be fioieheiJ. 

From tliese operations resnlts a metal of great purity as the following analysis 

Silver 00005 

Copper 0004 

Aoiimoiiy 0000 

Iron 00019 

Bismnth 0023 

Thulium 0003 

Load 99-9938 

100 

Tbe mftniigetnert of the ainc allny is peculiar. The tlloj produced by the 
li-eoond end third charges of zinc is kept Eeparate from Ihat obtained (rom tbe 
Drat fttWition of Kiiic. The former is very niuoh adulterated with Jfad. It is 
mailed in a ket le, the alloy riaiog to the top, while a " liquaied lead " ooiitiun- 
ing about 3-5 ounces silver to tha ton leToaios under it. The temprc«ture is 
raised nearly to bright red, at which tbe overlying layer ot alloy oiuiiz >«. Wheu 
this oiidatioii is comjilete, the le»d is drawn off by a spout, leaviug the oxides 
with nearly all tbe silver beh.ud. The laad goes back to the second and Ihicd 
additions of zinc as before said. 

The osid'B are miied with about ona-hilf tveir weight of ohtorhydrio acid, at 
flrst in the cold and afterwards the soluiion ia completed at a lorn hent. When 
this operation is finished the liquid is evaporated until it becomes thick, a sign 
tiiat all the water is removed. Then the alioj resulting from the first chiirge of 
zinc IB dddtd. In this the lead and zinc are still in ihe uietallio stute and a 
reaction sets in ; tbe zinc is all eonverted into chloriile and the lead and silver 
iminlly to m<-tal. This process takes 24 hours. 

liy this means a rich lead containing 1'5 to 2 per cent, of silver i^ obtaiufd 
^rliich is cupelled. The method has the advantuge o[ supersediug the deziuoiijg 
nf the alloy by steam, an operation not free from hazird, and one that .s always 
a dis'urbing element in the zinc process. 

The residue contains from 20 to 55 per oent. of lead chloride, the remainder 
tieiUH ziiiochloride with 17— 35 ounces to the tou. We have seen that the zina 
in Ihe 2iid and 3d alloys was tran-formed into zinc chloride by treatment with 
lead sulphate and sodiam chloride at a high heat ; the result was soda sulphuto 
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Dod ziuo cLloride. Proeisoly the opposite TeaotioQ 13 now produeei by railing 
these residues ooiiUiiDing lead eliloride, with " salt slig " obtaiuad ia de-ziuoiiig 
tbe poor lead, and Ireaiing them nitli water ncidi&ad with chlacbydrio aoid. 

This acid cliauges the ziuo oxychlorida co Doutral ziuo ohloride, whioh is 
Bolubie. Ooppoc chloride and silver chloride are also dissolved, the latter iu 
oonsequence of the other chiorides iu soiutloa. But the lead chloride is trims- 
firmed to insoluble lead sulphate by reaotion with the soda salphate. We have 
then the original mixture of saltand lead sulphate restored. After settling, tha 
liquor is luu to a vat cootaiuiog copper There the silver is deposited, and to an* 
other ooataining iron where the copper falls down. 

By these aeparaljons the liquor now contains nothing but zino ohloride, and 
iron sub-ohlorida. The addition of chlorina Ivaneforms the latter to per-riihloriJo, 
whioh is pr'^cipitated by lime. The remaining solution of zino ohloride ia heated 
and the zino precipitated as oiidn by pure lima, super-saturation being oaretullj 
evoided. The zino oside is finally distilled to metaliio ziao. 

This ))rocess ie an eioellent eximple of a simple metbod of treating the rioh 
olioj by aoids, a treatment wbiob iu m my places is forbidden by the high price 
of chlorbydrie acid, It does not appear that tha acid is particularly cheap at) 
OoU, hnt the small peccHutBge of silver in the lead, and the 00 nsequentlj small 
amount of alloy to be treated, gisea the acid method advautagea over the treat- 
ment by fusion with slag, or by steam. Tha aiivar ia obtained more qniokly 
than would be the caae if the rioh alloy had ts be accumulated until enough was 
nt band to 911 a kettle, say 15,OJ0— 20,000 pounds ; or to support a campaign in 
the furnace, whioh would require even more. Thirty centners Or 6,600 pounda 
Huf&ces tor the treatment with acid. It is to be remarked, too. that the shallov 
and eitremely wide kettles, in nsa at this place, may not be well adupted to tha 
use of steam ; though that question is still unanswered, as I believe steam has 
Eot been applied to kettles like them. Those rect)mmoiided by Oor.auKiE are 
very deep and of small diameter ; while those in the Ilartz are 2 teat lUi inches 
deep and 5 feet 6k inchaa in diameter, and this ia about tiie siza of tlie old 
Pattinsoukottleaia moat works, which have bean used without alteration for tha 

But the process described above la no longer in uae at Call. Mr. HEnBsr has 
iuveuted another which ha keeps seuret, unwilling to give his di«o ■very gratui- 
tous circulation and dissatiaaed with the Prussian patent laws, whioh he thinks 
have Dot aiven him protection enough. His uea' method is said to be cheupet 
than any other yet introduced. 
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GOLD AND SILVER WORKS AT LEND. 



The (1) freatraent of ores contflining gold and siher, ty fasion with, lead ia ono 
of ttfl common operations of metallurgistB. A vety small establishment of this 
iind, but in many raspeota oharaoteristio of the general European practice is 
found at Lend, in Anstria. This place lies in the Salzburg Alps, and recei»ea its 
ore from the mines at Banria and Boeokatein. The former lying 8200 feet itbove 
the sea is said to be the highest mine in Europe, some of its openings being 
made in glacier ice. 

Tlie ore differs in no way but eitremo poverty from countless mines in the 
West It cousisls of gneiss, quartz, chlorite and day slate ; containing iron 
pyrites, copper pyrites, araenioal pyrites, galeco, blende, and slilbite or salphuret 
of anKmony. The gold is found ia two states ; free gold and gold alloyed with 
ailver. This alloy, in lS66wfts composed on theaveiage, of ]5-33 gold and 84-67 
silyer, wbioh glteaa specific gravity of II'SS. Mercury has a speciflo gi'avity of 
13-6, and as tie amalgamation of gold by the Austrian method, is looked upon as 
B, proceeding entirely mechanical, the separation being effected solely by the su- 
paiior gravity of the gold over mercury ; this alloy which ia lighter than mer- 
cury cannot be amalgamated (3). Such is the lesson of long pi'actice, the free or 
fine gold bein • eitraeted from a part of lie ore, at least, by amalgiimation while 
the tailings are smelted to obtain the alloy. The following table wil! show the 
proportion of fine to alloyed gold and also exhibit the exireme poverty of the ore. 
To the Raurla and Boeckstein ores are added those from Zell in the same part of 
the Alps, The ore from the last named place is not now worked, the point of 
poverty having apparently been reoahed at whicli the auriferous rock ceases to 

Eamis Boeckstein Zell 

In 2000 lbs. In 2000 Iijb, In 2IK)0 lbs. 

Troy ounces. Tiny ounces. Troy ounces. 

Fine Gold 0-3a— 0-48 0-U98— 0-113 0'U90— tl-0a7 

Auriferous Silvei-. 14-0— 14-0 5-700— S-ftJO unimportant 

Iron pyrites, copper py- 1 

riles, galena (8 per cent. 4i per cent. unimportant. 

Value of Silver and Gold t 

in Ameriaau coin ($13.49-81^92 $S.91-$a49 $1.8G-$2.00 

As in 1806 Boeokatein daliveied 63 per cent, of the ore smelted at the worts 
and Eanris 37 per cent. ; the average value for that year vms £10-^8 or 0-0C09 

1, This paper is mainiy reprint/id from one read before the Institute of Mining En- 
t^lneers Uay 22, 1872. For tlie latormalion containr;d in i>, I am iodtbted to Dr, Lbo 
TiTHHSB, former diraetor o( the works, now at Brixlegg in the EyruL 

a. aae BltUnger, " AnfOeieLSung" p^ge IGa ; Ed. 1867. 
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per cent, gold and 0O17 Bilrer. This does not include tte value of tie copper 
and lead whicli form respectively 2 per cent, nnd 1 per cent, of tlie ore. The 
fbrmer is extracted, the hLttar is not Bnfficient to supply the waste of the process 
and Jead has to be bought for the works. Even in Europe these ores are con- 
sidered eitreniely poor. I am not aware that ores from veins as poor as thceo 
have ever baan utilized in this country, but if they hiive they owe their value to 
the &ct Uiat the gold is all fine and can be amalgamated. 



The ore is first soarted to six varieties for the furnace and one for iimalgaraalioa. 
The former are q^uarlzoae ore, rich, medium and poor, compact pyiites, galena 
and antimonial ores (1). 

The quartzose ore eonaists mostly of quartz with which are gneiss and chlorite 
it cOiitainB iron pyrites, arsenical pyrites, blende, copper pyrit^, and a very littl( 
galena. Its value in gold and silver is 400—2240 grammes to the ton, or 12 to 70 
oz . Of this alloy tiiam 10 to 30 per cent, is gold. This ore gives 20-25 per cent, 
of raw matfe. 

Compaot pyrites is composed of iron oiide, arsenieal pyrites, and copper 
pyrites, and these are often accompaniad by magnetite, when it is usually richer. 
It is nearly free &om gaugue. Its content varies between SO and 100 grammes 
of gold and silver to the ton ; or 2*5 -13 ounces. Tie gold forms about 25 per 
cent, of the aUoy 

Qtasens, is a name given to a mixture of quartz and gneiss with disseminated 
pyrargyrite ; silver and antimony sulphide ; antimony glance and galena. Its 
content varies very mnoh, usually between 800 ana 2000 grammes, or 26—60 
ounces, to the ton, of which 2o per cent, is gold. Most of this comes from 



Glance ore, or fine leaved galena, with 4000 or 5000 grammes, or 140—160 
ounces of silver, almost without gold, to the ton. 

The Gtosera oocuis oftenest in quartz ; copper pyrites and occasionally pea^ 
cock ore, in chlorite gneiss ; blende, iron pyrites and arsenical pyrites in quaiU 
and gneiss. 

The mill slimes are of three qualities, ; 1 and 2 are nearly pure pyrites, having 
been concentrated in milling, and giving 50 — 60 per cent of matte. One con- 
tains 500—1500 grammes of alloy, of which 7—14 par cent, is gold ; two contains 
22— 75 grammes alloy of which 2-6—4 per cent, is gold ; three is the poorest 
alime fi'om the shaking table. It gives 25—30 per oent* of matte, and contains 
300—1000 grammes or 10—40 ounces of alloy, of which 9—18 per cent, is gold. 
It is used as a siliceous flux. Only the poorest ore containing merely titices o( 
pyrites is sent to amalgamation ; which is done because it there undergoes con- 
centration. 

Theory for amalgamation is stamped under stamps of 220 pounds weight (total) 
through sieves of 1.6 mm. (006 inch), the stamp chest having a sieve on each 

t Lend can bo seen at the 
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re the most rapid i^scliiivso of the slinjH possible. 
■B employed for the slimes :— 1. They nre first conr 

2. They are first amalgamatei and then coauentrated. 
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Amatgamalion takes place in pana, there caUed "mills," an illustration of 
which is given in figure 7. 

In this figure a is the pan, I the runner, e the arms, three in number, by whioh 
the ruDner is lastened to the spindle, e is a, brace which both stiffens the arms e, 
and also transmits the movement of the spindle to the arms. The spindle is 
made square ut this point, and the aperture ia the brace being also square, the 
brace, arms and runner are carried round by the revolution of the spindle. Dis- 
charge takes place at c, a spout of sheet iron d being rivetted to the cast-iron 
pan. The adjusting apparatus consists of the thumb-screw m. It is to be re- 
marked that the spindle ends at n, the end being hollowed out to receive the end 
of the thumb-screw. This screw works in a thread, cut to receive it^ in the top 
of the arms s. The spindle itself rests on the beam p, and cannot move up or 
down. When the thumbscrew m is turned, its bearing on the top of the spindle 
remains constant, but the arms and consequently the runner are raised or 
lowered. 

The pan is made of cast-iron, and as it suffers litUe wear can ba made very 
lighi The arms, which, being three in number, form a tripod, are made of 
light bar iron, of about 1 i inches in width, and i inch in thickness. The i-unner 
ia of wood, having the shape of the mill, and hollowed out on top so as to form 
a hopper. It is bolted to the tripod, bound with ordinary hoop iron, and a 
number of short pieces of sheet-iron are driven into its lower snrtace. These 
■■wings"arefrom2i to3inehe3 long aud^iuoh wide, and act like the vanes ia 
a fiin blower, or rotary pump ; that is, they force the pulp to partake of the ro- 
tary motion and drive it out of the machine. Twenty to thirty winga are placed 
radially in each runner, in such a manner as to break joints, from the center to 
the cireumferLnee. Those which work over the slanting partof the panare made 
onlyone-halfinoh wide, in order to allow the wings placed over the meromy, 
freedom of motion. Other methods of gearing are also employed and pans are 
iKually wider at the bottom than the figure represents. In this pan the interior 
of the bottom, where the mercury is placed, is only 9 inches in diameter ; usual- 
ly 15 inches in the width. As the center is taken up by the aperture through 
which the spindle passes, the real width of the annular space, filled with mer- 
cui'y, is in this pan only 3 inches, and in the ordinary pan Gi inches. In both 
cases the diameter at the top is 24 inches, height 9 inches and the thickness 
i-3-16 inch. 

When pulp is poured into the runner, it passes through tho center opening or 
eye, down to the mercury, where the action of the wings gives it a rotary motion, 
and at the same time carries it toward the circumference. These wings should 
revolve just above the mercury, but not in contact with it. By this means, every 
pBi tide of the pulp passes part or all the way round the pan before it is discharged, 
and its path over the mercury is therefore longer. It does this with the least 
possible turbuleuee, and the gold particles have opportunity to reach the mer- 
cury, where, sinking in that fluid, they are safe from liability to be carried off on 
the stream. 

Successful work depends upon the thicknesa of the pulp and the speed given 
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the runner, and one of the adTantages of this miE is the readiness with which it« 
■work can da alterad to suit any kind or condition of ore. 

CandUion of the Pulp.— This depends upon two thinga, density and fineness. 
A coaoautrated ore has a mneh higher spacido gravity tian andressed ore, be- 
eaiiae tlie lightsr minerals, qnarta, etc., have bean removed. The difference be- 
tween its gravity and that of gold is therefore leas, and we must take care, lat to 
have the elimBso thin that the gold particles will have easy movement through 
it ; and 2nd that the motion of the raiiiier shall be fest enough to keep the heavy 
material which it has to carry along, from settling on the eurEice of the merouiy. 
Eiperieuee has proved that with uudrsssed ore containing not more than 10 per 
cent, of heavy mineral {pyrites, etc.,) to 90 per cent, of gonguc, the runner shouU 
make from 13 to IS revolutions par minute ; from one-half to one cubic foot of 
palp may be passed every minute ; and finally this pulp must ba of such a thick- 
ness that not more than 13.) pounds of ore shall pass through the tlie mill in one 

■WheB the ore has been concentrated the conditions are quite different The 
nmner is revolred at the rate of 20 to 30 limes a minute, and the pulp must be 
thinned so that not more than 13 to 15 pounds of ore pass through the mill hour- 
ly. The amount of pulp however must be kept up to a half or one oubio foot a 
minnte. 

If the pulp 13 too coarse it hangs back in the miU and chokes it, if it is too fine 
the gold does not settle. Good stamp work answers well. It is not woll to 
Buftor pulp to dry and fien wet it to run through the mill. Eiperienee proves 
that the extraction is not so good nnder suck ciroumatances probably because 
the particles of gold have air ihenng to them wh oh lessens the r gravity. 

Two or three mills are usu lly placed one alter the other W th these, of the 
whole amount of gold extracted from a pulp r h a g'J.eoa ind therelore not 
£ivorable to amalgamation. 

The first xtraeted Po per cent. 

The second 25 

The third 10 

With a sandv pulp which cont ned 1 ttJe heavy m ner 1 the result was : 
The first extracted 74 per ent. 

The second 

The third 6 

One mill, or one sat of 2 or 3 mills will pass from 2 350 to 3 000 pounds of 
midressed pulp in 24 hours. Of dressed ore t wUl pass thro h about as much 
as would correspond to that quant ty 6f nconcentrated pulp When the ore 
contains 10 per cant, of heavy mmerals there is no gain in previous, concentration, 
while the extiaotioQ is better with undressed pulp. 

In this apparatus loss of mercury is reduced to a minimum. With two rows 
of pans the loss for 100,000 pounds of 

pulp rich in heavy mineral was 1-B to 2 pounds 

" poor " " " 1 to 1'5 pounds 

In the first case it WJ.S therefore about one-half ounce to one ton; intheseoond 
ona-third ounces. Clayey ores and thosa coufoining antimony increase this loss. 
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The jield can. be inevea'^ed by oonoeutrating tlie omilgamated pulp, and re- 
passing the taiUiiga audoc the oonditiona neoeasarj in working conaentrated 
puip. By thia mei»n3 from 30 to 30 per cent, of the lost mercury ia recovered, 
while about the eama amount of the amalgamable gold is also won. The flret 
opsrition. extracts about 70 per cent. 

The power nsBessary to run one mill is about one Iweniy-Jlth of a horse power. 
A twelve pan apparatus oosts in Austria about $250. 

Compared with the Colorado methods, these mills extract 20 per cent, more 
than the Colorado amalgatora. thougb this yield necessarily depends upon the 
per cantage of sUver iu the native gold. They recimre little watching, except 
when used immediately after the stamps, when- the aconmulation of gold might 
necessitate cleaning up every two or thr^-e days. 

Siiwilinj.— Foe four years the ores delivered for fusion were in the followiag 
propoitions : — 

From Eaiiris. From Boockatein. 

QuartEOse ore 15.50 24,11 

Compact pyrites 0.00 0.18 

Sulphuret of Antimony 1. 41 0. 41 

Slime from Amalgamation 29 03 38.00 

37.00 63.00 

About GO per cent, of the ore has therefore been amalgamatod. As this was dona 
beoause the ore was too poor to smelt we may gain an idea of the ostrome pover- 
ty of the origiual ore. 

From the t.ible of values before given, it is evident that 70—75 per cent of the 
ore is wortlileas roclc, and thin must ba rem^ved before adding lead, which would 
suffer serious loss if charged with so mujb quartz. The operaUous are therefora 
as lullows i— 

1. Fusion for raw matte. 

9. Roasting of raw matte in stalls. 

3. Fiwion (without lead) for a more concentrated matte. 

i. Roasting of and matte iu stalls. 

5. Fusion witJi lead. 

6. Cupellation of rich lead. 

The First Fuiion. — Eleven years experienoe haa proved that the most elSoient 

b1^ is one approaching the composition of a bisilioate. The following is an 
analysis of an aTer%e thig from the flrat insion — 

Sihca 51 02 

AhiJima - lb 

Oiideoflion li 75 

Lime i" iO 

Magnesia f. 7 
As Ha Oa 

Zn S by djf 1 10 

100 000 
The fumaie i? not now and contains none of the late im[iiovements ; bat it 
does good s ru e Its g uluI dimiuiions are as lol ovs — 
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Height 24 feet. 

Diameter of heaifh 3 

■' bosliea 4 

" throat 2 • 

Number of hi jereB i ' 

Pressure of blaot i — J jq ofmsrcury. 

Prom 100 to 120 bushela of tharcoal are required to warm the fiirnaoe, and 
Uien regular charges of 5 cubic Jeef ii about 3 bualiola are thrown in. In blow- 
ing in, the quantity of mixed ore and flui added to this quantity of charcoal in, at 
first 56 pounds, then 112 pound'! and Jiually when the furuace is thoroughly hot, 
203 pouuds, which is the constant burden of mine to three bushels of charcoal. 
This is nsaally reached in the first 2i hours. Four hourn after the first charge 
of ore and flus the blast is turned on, at first with a pressure ,of i in. , and then i 
in. mercury ; ot one-sixth and one-quaiter pounds pressure. After eight hours 
the sli^ b^ns to flow. The furnace is worked with a blacii throat. The 
labor per ton of ore and flux amounts to 1.8 days. 

2he FiTsl MaUe, forms 40 to 45 per cent, of the chargo, the difference between 
this proportioa aJid the 20 to 30 per cent, afforded by the ore being made up by 
roasted matte which fbrms a part of the charge. Its average composition, is ;— 

Iron 55.1 

Coiiper 4.3 

Zinc 3. 7 

Lead 2.1 

Nickel, Cobalt, Areenic and Antimony 4 5 

Sulphur 27.9 



) to 40 ounces Troy of auriferous silver to 2,000 pounds ; or in 
American valuation $100 to $150 in coin. From the fact that the ore is un- 
roaated, and fbe metals are therefore so well " ooYered" by sulphur, the loss in 
this operation amounts to only one-quarter of one per cent. About 38 bushels 
of charcoal are used to the ton of chaise, and 9.75 tons are smelted in si hours. 

TAa Secmid Jiision-— The first matte is roasted three times in stalls containing 
23 tons, the i-oasting not being thorough, but carried only so far as to leave about 
40 per o'^nt. of unroasted matte. It is then resmelted with quarts, and to avoid 
the use of too much of the latter, a basio slag is made containing about '.12 per 
cent silica. This requires very great care in managing the furnace, for the least 
irregularity will caUEse the formation of sows. To secure proper working, when- 
erer the fuiTiftoe is tapped, the hearth is examined by means of a bent bar. If 
lumps are felt the ftont wall is broken out, and they are removed ; if Ihe sole is 
slippery the presence of reduced iron is indicated. A rough, hard, even sole, is 
the proper one. 

The pressure of blast is now reduced to one-sixth of an inch or one-twelth of a 
pound to the square inch ; the hearth is 10 to 12 inches larger in diameter than 
before, and the chnrge is increased to 223 pounds to 3 bushels of charcoal. 
These changes have for their object not only the prevention of iron sows but also 
of speise, a compound of arsenic with all the othiir me' als, very difficult to utiliae. 
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Speise is lighter than matta, and in the bnsin lies next fthove it. That at Lend 
contains a great deal of gold, and experimeiits made a tow years ago to recoTer 
this metil by roaeting and fusion with lead ware not saocessful. though the speisa 
was roasted in 8 to 12 fires and smelted with twice its weight of lead. It was fouud 
nearly impossible to oiidiie all the speise and the onroasfed part retained ita 
gold with etubboruiieas. The same precautions are ased in blowing io as before. 
About 30 bushels ot charcoal are nsed to the ton of ore and fins, and 13.5 tons 
are fused in 24 hours. The second matte, contains 50 to 60 ounces of aarifetons 
silver to 2,000 pounds, worth about $200. 

Fusion iBilk Lead. -The seoond matte is roasted as before, but now 50 to 60 per 
cent of Taw matte is left. A stronger roasting would bo eurich it that two 
ftiBions with lead inste,»d of one, would be necessary. The slag is again basic 
and, to keep the heat as low as possible, the pressure of blast is reduced to one 
and one-half lines of mercury, while the charge Ib increased to 277 pounds of 
matte and fiui to 3 bushels of charcoal. In order to keep the lead in contact 
with the matla aa long as possible, as well »8 to deei'ease the heat, the crucible is 
made a foot deeper than before. The new slag has an average composiljon of 

SiUca 27.45 

Oxide of Iron 6o.5a 

Lime IW.ia 

Magnesia 3.43 

Alutoina ■'■*>' 

The loss will not exceed 2. 5 per cent, of the lead When tlie hearth is full of 
melted matte and lead, it is tapped, the products running into a basin where they 
are well stirred with poles. The matte is then partially taken off, the lead re- 
maining nntil 600 to 700 pounds has collected. 

For a perfect estractlon of the silrer, it is necessary to charge 120 to 130 
pounds of lead for each pound of silver and gold, and the matte must not con- 
tain more than 20 per cenl copper. With this proportion, 75 per cent, of the 
silver and gold are extracted in one operation, and the matte ought not to con- 
tain more than 0.75 per cent, of lead. The extraction of 75 per cent, of aurifer- 
ous silver, meauB that 90 per cent, of the gold and 73 per cent, of the silver baa 
been obtnined. The absolnte loss of these metals is but O.IO of one per cent. 
From 14 to 16 tons are smelted in 24 hours. A certain amount of lead matte is 
obtained which is charged back in the same opemUon. Of charcoal, 28 bushels 
to the ton are used. If the matte is rich enough, it now undei^oes a repetition 
of this operation, but usually it is so poor that it is treated immediately for cop- 
per. If, however, it contains less than 35 per cent, of copper, it is roasted and 
charged as a flux, in the first operation for raw matia. At Lend the conditions 
are such that this takes place every other year, copper being made one year and 
matte the next The labor amounts to 0.46 days per ton of matta and flux, and 
the loss of lead is about 18 pounds to the ton of matte. 

a^liation is perfbrmed in a German furnace with a moveable hood, made very 
low. Inasmuch as none of the side products are sold, and Uiexe is no need of 
having them in great purity, there is beside the fire bridge, but one opening in 
the hearth, through which abzug, abstrioh, litharge and smoke all escape. Fi-om 
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6,000 to 7,000 pouiiaa of lead ate first charged, aud more is gradually added until 
about 21,000 pounds (or the entire make for the year) lias beeu melted. The 
blast is slow, and the litharge conaequently flows rathor oold. Refining fullows 
the brightening of lie silver, and metal of 9^5 fineness is produced. Usually 
the loss of lead foils between 5 and 6 per cent., while that of silver and gold 
seldom reaches 0.10 per oeut Abont 3 tons are cupelled in 24 hours, and the 
kbor is 0.24 days per ton. 

TABLES OF THE 0PBEATION8. 
The following tables will give at a glance all the foregoiog particulars. The 
first two operations are combined in one table, and instead of calculating the ex- 
pense of charcoal upon the quantity of material treated in each operation, that 
and the amoEut of labor will be calculated upon the ton of ore. This is done in 
order to ascertain how much labor and fuel are necessary to treat a ton of ore by 
the Land process. The amount of ore is taien at 109 tons since there was 21 
tons of matte remwning from the previous year which was smelted with the ore, 

TABLE OF THE ISI AND 2ND FDSIOHS, 18GG. 

Weight Chtnee$ Ounces p. o. of 

Charge Tons. of Sold. of Sliver. Copper. 

Ore 81 'IE 21 OOOi 1 333 -4053 

Matte and Eich Scraps 89-61 19-2918 2210-6400 

"- lEJiks:::::-.-.:'"^ 

Total 229-05 40-3012 3550-0J64 

Prodacta. 

Piist Matte 61-38 18-7193 1612-7324 5 

Second Matte 30-87 20-4769 1S06-7302 10 

Scraps 10-25 -6824 9&'U9aa 

Total 39.8770 35i4-5&i8 

Labor 39 twelve hour shifts ; 5 men to eauh sLift =-105 days. 
Charcoal for warming furnace, 291 bushels. 
" for smelting, 6,820 ■' 

7,111 " 

Charcoal per ton of ore. 65-2 bushels 

labor per ton of ore 1.8 days. 
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TOCB. 


Lead. 
Poui^dfl, 


Copper. 
Pecoi 


Gold. 
Troy 


Silver. 
Tioy 


Bich quartzose ore 
Eoastea 2d Matte. 
Scraps 


.. 1-96 
. . 30-87 
.. 2-09 




10 


09010 

£04769 

■1474 


59-5404 

1806-7203 

33-07T8 






741 
17,722 
3,30i 


6 


1-9440 


176 9600 
66-1500 
4a-4700 






Hearth 


.. 3-30 



iQnarIji 2-0* 



Products. 
Lead 


66-77 


23-5293 

21,030 21-54-12 

741 20 1-9440 
10 0-2430 

23 7312 
ach~50 days. 


2175-9184 

1283 '8320 
624-5200 
174 -9600 
46-9900 

2130.2920 














Labor 10 twelve hour s 
Charcoal for 


hjfla ; 5 men in 
■warmmg the fiic 
smelting. 






...1710 

mo " 
























TJlBLE of c 
Tims. X? 


ad p. e. 
100 

82 
50 


Gold. Silver. 

Troy ounces. Tray ounota. 

21-5442 12S3-8320 

21-5294 1186 9560 
64-!N!80 
31-9800 


Produds. 
PinoHilver 

Hearth.. '.'.','.*.'.'.'.■ .'.'.'.'. 


...1208 -68 oz. 
... 10 tons 
... 2 53" 



Charuoal, 40-00 liushela=:perfoa of oi 
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Labor. 


Charcoal. 




Daya. 


Bnshela. 




1,8 


65 -9 






166 


CnpeUation 


.- 0-24 


0'37 



. 2-50 



12-17 



17-7 



Total 

To fliis must be added a small quantity of wood or refuse charcoal, used ia 
roastiiig tho matte. Some discrepBucies will be noticed between Uie expenao of 
dmrooal ns glTen in iliese tables and that allotted to each operation in the text. 
This arises Irom the fact that the latter is calculated upon the proporliona of 
flm and ors, while the tables are cslonlated upon the ore alone. They are also 
mora complete: including iUal, for blowing in, Wowing out. and auyeitra Bup- 
pUes needed in particular states o! the furnace. The quantity of charcoal hus 
been oalenlated on the heaped buahel of 2,748 cubic inches. The above cost js 
for ores bl the richness before given. TPith richer ores there is more matte to 
tiaat and lead lost, and the cost is therefore somewhat greater per ton ; but it is 
proportionately less per pound of gold and silver. The following table gives the 
relative CJ>Bt for various ores ; the cost of the poorest being taken as unity :— 
AuHfermts Silver Value in AmeH^n rroporlionak Gtfi; lomst 

in 3000 ISa. Ooin. i<^l<:en as Vmly. 

0- 14-5. o2. t 0-« 61 1 

U.5-290 $61-$122 110 

-- - -- - $123~S244 1^1 

$24*-t488 1*"3 

falls under the first kind ; the milling ore of Colorado is worth 
, „ ... a ton, and therefore is also in thelowest section ; the " smelting 

, ^„ caUed. would be mosUy in the 9nd and 3d ranks. 

Losses.— By refei-once to the above tables it will be found tl 
the loss and gain of the yeor. 



53 -116-0 
The Lend 
from S20 



,t the foUowin 



First and Second Fasioi 

■rhird I'usion 

Oupellation 



Total I 



G 

4^ 
0I5 

2 -36 


I 
Id. 
p, c. 

1 

0,07 

1-1 


Silver. 


Gol 


Gaim, 
Sil 
p. c, oz. 


35-60 
45 63 


2 8 
3 '6 


2-039 


0.86 

O-02 


81-13 
81 -11 


S-3 


2-029 


0-oa 



Dr Turner's opmioii founded upon years of esperieuce, is list more thm S 
p„ cut ot lie siher ..d 96 p., eeut of 11. gold e.m be ooupled upou m 11 
L piooesse. ol «i.lg.m.llou md losion. Bom. J».s «. l.mde, ook to..« 
iJn 11. 10- iseimd i. ™.lg.m.li.g ».a found ,1 lo I. « p.. o.ul. B 
ll,„fo,. pl«.d m rdlsuo. upon lis ...ula M »!.» we eon..d., he po,.,l 

would aflfed but tmj litUe He gtand result. 
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LEND. 61 

The cost of all the operntions in 1866, at Lend, was $883.88, and the balance 
sheet shows a profit of $1,356. The espenee waa propottioued as follows : Labor 
IT, materiale 43, ditectiou 40 ; total 100. 

At these works all STOidable causes of loss hflve been eliminated, or tbeir opetiv 
tion rectuced with the greatest care. Two analjses a year deteimiiie tlie propor- 
tions of the chacges and tlie composition of tlie slag. Larger works would re ' 
qnire more, but there is no reason why the largest works should not be coiidactud 
with equftl cai'e. 

Great careisaecessatyonaccountoftheextremely small quantity oforeamelteil ; 
— only 83 tons in 18€6, worth less than $22G0 in gold and silver, but fum^ing 
bIso a ton and a half of copper. But to treat this small quantity an engine' r, 
and two amelters and four aseistants have to be supported all the year throoKh, 
thongli they work only 27 diiys of 21 hours. Of course such a state of things can 
be maintained only by low prices, and we find the Austrian workmen paid at 
rates varying from 2Yi to 22 cents (coin) a day. Charcoal ia 3 1-7 cents a bushel, 
and wood SI IT a cord. In this country we should iave larger supplies of ore, 
sufficient to carry on the largest works on a eocrespoudingly economical scale. 
The nature and higher Taiue of our ores, too, would enable us to work with leca 
expense of labor and material to the Troy pound ot gold and silver than at Lend. 
In considering these result}; for guidance in using a similar process at the 
West it i^ evident that the American ores contain nothing to prevent the applicn- 
tion of this process. Antimony and arsenic and zinc, the bugbears ot the smeltec, 
are, with the exception perhaps of zinc, quite as prevalent at Lend as in Colorado, 
Ow ores, too, contain more pyrites tlian those we have been considering and 
there would be no necessity for a fusion for raw matte. Whether there ought lo 
be a fusion for concentration depenils upon the richness of the ore, and its- 
adaptability to concentration by mauhiuery. A mixture of rich " smelting ore'' 
and concentrated tailings, such as is now worked up by lie smelters, could be 
roasted and immediately fused with. lead. One 
of lead and oupellation would complete the prot 
cess divided as follows : 

1. Oupellation of poor ore. 

2. Eoastir^ of conoentratfid and rich ore. 

3. Fusion of roasted ore with lead, 
i. KoasfJng of matte. 

5. Fusion of matte with lead. 

6. Cupellatjon, 
Asto the coat of a process like this, we have the following details. 



concentrated tailings 


is produced 


m Colorado ai 


t an average cost 


of $6. The en- 


penses for the otter 5 


opei'ations 


would be : 








Dav's labor. 


ChareoaL 


Wood. 


Eoapting in Piles 




0'4 




0-023 cords. 


Jat and 2nd Fusions 




1-8 


65' 2 




Boasting matte 




0-2 




004 


Third Fusion 




0'4S 


1G6 








0-24 


0037 


0'69 
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52 LEND. 

Mr. Hagae says that the millers eipeut to get one ton of connentratad lailingi 
from six tons of ore. At that basis the theoretical espense would be : 

Concentrating 6 tons to one $ 6 00 

Smelting! ton. 3-10 days iabor @ $3 9 30 

Smoltmg 1 ton, 82-17 busbals ehirooal @ 2Bo 20 54 

BmeUing 072 cords wool @ $8 S 00 

Treatment of 8 tons milling ore 41 84 

Mining of 6 tons milling ore @ $10 60 00 

Total cost of treatment 101 84 

Cost of ona ton 16 94 

The espensa of charcoal onght to be someivhat less than this, for in conse- 
quence of the amall quantity of material treated at Iisnd no less than 2. 5 bushels 
of coal to a ton of ore aie expended in heating the furnace. If wa add one half 
more for loss in blowli^ out we have the very large proportion of 3.7 bushels, a 
quantity that would be lessened ona bushel if 330 tons of ore were smelted at 
eeeh campaign. With proper managemant this could bo very much exceed d HO 
that the expense of charcoal for blowing in and blowing out, would be too small 
per ton to bo worth reckoning. 

It now remains to oMiaider the adaptability of this process to wostBru ores, and 
I will take those of Colorado as an example, for the reason that Mr. Hague's re- 
port on mines of that Territory offers the best data for calculation. He gives 
commercial assays of the ore from various lodes which prove the average valae of 
the ores to be as follows : 

First class ore : Gold. Silver. 

Consolidated Gregory 5.6 oz. 20 oz. 

Illinois 4 20 

Gardner 3.3 11,5 

CaUfomia a. 18 

Bntrougha 6, 12 

Average 4.42 16.3 

Milling ore ; 

Burroughs (1340 tons) 1 oz. 4.5 oz. 

The value of the first class ore is $91.36 for the gold and $21.03 for the silver ; 
total $112.13. Let us see what manipulation it requires ; Boasting the ore so as 
to leaTe 33 per cent raw matte, and smelting with ISO to 195 pounds of lead kitha 
tdinof ore we onght to extract ia one opemtion 93 per cent of tiie gold, or 4.05 
ounces worth $83.71; and 73 per cent, of the silver or 11.90 ounces worth $13.. 
35 ; total yield £99.05. (4) The expense of working would be as follows ; 

(41 By rtterecce to the tables otoiipsllatioa audlosa it will be aeen that in 19SS more 
than 99 per cent, of the gold was obtained by oae 
60 per cant, was obtained aa metal, and 32 per c 

and went under trcatmeQt the roUowing year, '3.4 per cent, was contaiaed in the sc 
mi flue dual, 3.3 per cent, waa retained by the litharge. The lattor two ahonl 
Bisgleoted foe they are oonstaut from year to year, and the real poreentaga yield w 
ISSIi, therefore, 6S'8 per cent, flne ailver, and 33'9per cent, silvcilu (be matte. 
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LEND. 53 

Mining— 1 ton $10 00 

Koasiiag-O-l days kbor @ *3 $1 2J 

O-OaO corda wood @ $8 23 

8 mos. int. on $10 @ 12 p. o. 80 2 23 

Smelting — 1.5 days labor @ $3 4 CO 

8 pounds lead @ 5c 40 

46 bushels chftrooal @ 25e, . .11 50 16 iO 18 63 

Total for mining and smelting. . , 28 63 

If our ore contains uo copper the matte will not pay for furtlier treatment 
»ad we pro<ieed at ouoe to cupella ion, for which we have in addition : 

Capellation : a24 daya labor at $3 $0 75 

0.37 bushels o.ial at 2So 09 

0.69 cords wood at 'HO B 52 

9 lbs of lead at 6e 4j 6 81 

Add mining and smelUug 28 (i3 

$35 a 

Profit: $99 06—135 ll=t63 63. 

We have rsmaining a matte containing $7 48. Let us see whether this will 
■pay to work by itself. The expense will be tor Colorado rather greater than ior 
liend because the proportion of pyrites in the ore is greater. Assuming thia 
eicesa equal to BO per cent, and increasing each item to that extent we have ; 

Roasting: 0.50 days labor at $3 $0 90 

0.2 cords wood at $8 18 1 OS 

0,60dayslabor at S3 180 

27 bushels of coal at 2Bo 6 75 

5 pounds lead at Bo. 25 9 80 

Total $10 88 

Ttis would leave a loss ; $7 48— $10 88=ntinus S3 40. The io^ by direct 
treatment would therefore be $3 40. This matte however could be returned to 
the first fusion again and again, until the copper which is present to some eiilent 
in almost all the ores were concentrated sufficiently to tjive the matte a value t'oi 
its copper. Witii ores containing much, copper the matte migM be immedialely 
saleable, and bolh silver and copper bring their value. At present however, and 
y with milliug ores, the process would probably consdst of three stageu, 



3. POBION WITH TjEATI. 
3. CUPEU^TION. 

Toillustrate tie working of the process with mOling ore, lot us take the Bur. 
roughs ore as a specimen. It is worth one ounce gold, or $20 67, and 4 6 oz. 
,sOver, or S5 80 ; total S26 47. This is an average yield, as most of the railling 
ore of ColorEido, so fiir treated, lies between $18 and $3S in value. We have foi 
its treatment hy fusion the following e: 
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FREIBERG. 



ALiHOBoa the prooeBBes in nae st Freiberg have been described with tolerable 
frequency, few persons wlio are not instructed in schools of mines, have a just 
appreciation of the works there, or a correct idea of the methods in nae. Those 
mofiiodH, in fiict, change so oonetantly that it wonld require a year-book to keep 
pace with them. They faare cbonged so much since 1870, that in wxiti^ the 
following description, the work ot later travellers, such as Messrs. Kast, BniUN- 
isa and KcHLEMiHN, all of them connected with the great worits in the Hartz 
Mountains, and Ealkcno, of the Austrian service, have been freely drawn upon. 

After more than 500 years' exploitation, tie mines of Freiberg form a vast net- 
work of galleries and drifts. Within the century ending in 1865 a total length of 
26 German miles, or 115 English miles of pasaagts was eioavated. and the mines 
were deepened 700—000 fret. What the cubic contents amounted to is not known, 
but it is surmised from the number of men employed in 1765. (1355, of whom 
probably not more than 600 were engaged in breaking down), that about ■19,?00 
cubic yards or 5,539 ooids, of 123 cubic [est, of look was token oat in thiit year. 
The amount esoavated in 18G5 was 138,206 cubic yards or 59,190 cords, which 
gives close on 8 cords per German Ladder (6 3-3 feel) of excavation. At the 
Kame rate the escBvatipn for 100 years past would average 36,969 oorda per ypar. 
It is a matter of interest to know that in 1765 a cord of roi^i gave 1 ton of oonoen- 
liated ore ; while in 1865 a cord of rock gave only eS-lOOths of a ton. Baron 
Von Beubi, however, does not ascribe this frilling off to a regular deorease of the 
ore in depth, nor to the fact that the dressing works now accept poorer ores 
from the miner than then, though thia probably has some effect ; but rather to 
the very large works for drainage and improvement of communication, most of 
which are done in dead rock, outside of the veins, and (chiefly) to the fact, of 
which he is pecsnaded, that the Freiberg mines now and for some years hack, 
have been worked in one of lioae zones ot medium and poor ora which occur in 
nil veins. Acoordiiy^ to this view these famous mines should have before them a 
renewal of their former extreme wealth when this poor zone has been, worked 
through. 

More than 900 veins are known, which have been classed, according to the ores 
they yield, in four groups ; 

1. The quartz group, containing about 150 veins, from 3 inches to 6 or 7 feet wide. 
This wonld probably be called in Atnerioa the sdver group, for its va'oable min- 
eral consists mostly of various ailrer minerals. The gangue is quarts with some 
gneiss, and the ores are silver glance, ruby silver, fahlerz, miargyrite, polybasita, 
brittle silver ore, antimony glance and antimony sulphide. 
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5C 



a. Tho pji-ifift-i-oiis group, with about 300 veina, of 2 inclias io 3 feet widtli, 
Tbe ganfjuo ia chiefly qunrta, with some BQlo-spar, iron-spur, heatj-spar Biid 
fluor-spar. The pricoipalores are BrgeutileroHS galena, bleudf, pjrites, acsenioal 
pyritas. mtb a certaia proportion of the m nerals named in comieclion with tin 
first group. To this group belong also the veins which jieU cLi fly copper ort« ; 
as copper pyrites, pf acock ore, copper glance, red oxide and carbonate of copper, 
3. Tie noble lead group, so-relled f.om its richer ores, has 310 veins, in\vh'ch 
the gangne is brown spar, manganese spar und quartz. The ores are galena, 
richer in silver than that of the preceding division, blende, pyrit s, native ailver 
and some proper silver minei'als. 

t Tbo barylie lead group, with 130 veins, some of them very wide. The gan- 
gue is heavy spar, with some fluor-spar and qnartz, and the or. s are gulona, 
blende and pyrites, w.tb some caibonates and silvur miaerals. 

The ores obtained ftom these extensive mines may be briefly dosoiibed as con- 
taining all the lead, silver and copper minerals, that are not uicra ca' inet onri- 
osities, besides most of those that are "uoh. The total quantity delivered in 1367, 
was 34,163 tons (2,O0Qlbs.) which contained by assay : 
Per Cent. 
71.444*25 pounds silver and gold = O-lOi 
5,130'00 tons lead = 15-M 

7S-75 '■ copper = 0-23 

664-25 " zinc = l-9i 

174-50 " arsenie ^ 0'51 

There are two establishments at Freibei^, the Muldner ai 
Differences in tlie com|io.iiliovi of the ores have given rise.i 
treatment, and for the sat" of consistency this pa,i et 
operations at tb« Mnldner Worlta alone, while that iu 



berH 

The Muldnor Works treated 
which contained by assay : 



except in describing the copper treiitraeat which is 



In 1 Ton. 
30-47 ounces. 
3D0-20 pounds. 
4-6(] pouud.s. 
3S'80 piiunds. 
1-20 pounds, 
Hals rdcte Works, 
slight deviati'ins in 
will deal with the ooiu'se ol 
it Halsbrflote will hot 



. I8G7, 1G,702 tonsof o: 



■ied on only 
:e produota. 



13,137-45 
106 '89 
4c4'41 



A V. pounds 



Per Cent. In 1 Toa, 



608-88 " niek'l&cobalt 0-0018 0-Oi " 

7,S20,70400 •' lead 22-51 iHlt-02 

137,445-80 " copper 0-li 8-20 

7,702,546 63 or 3,851 tons. 

By comparing this table with that above given, St will be observed that the ore 
treated at the Mnldner Works appears to be richer than the great average. This 
isbec^anseagreat amount of furnace pvoduots are added to the ore, be eavii'e nearly 
all the foreign ores aie taken to thU establishinent, which lies imiaediEitely oa the 
rnilrond, while tlie other works is sev- ral miles from it. These lo eign ores are 
mnch richer than the average Freiberg oi-e, as the fact that thoy ae able to boar 
a trauspoitation of «everal thousand miles, and still afford a profit, indicates. 
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66 SBEIBERG. 

The total amount of these products, aecordiog to the table, is 3,851 tona, or 
Tery nfarly 25 per cent. Seventy-fiTe per cent- of the ore is theref .re material 
which mtlst be removed. Tbis material is of two kiada, useful, as sripbur and 
araeme ; undwoctliless, as quartz and other gangue. The useful eonstitueota are 
ecoaomised bb much as jiossible, and thia gives rise to a series of opeialiona 
which are supplementary to the regular course of smelting. 

Thirteen different products are obtained as follows ; 
Meials. Products. 

1 Gold. 1 Sulphuric acid. 

2 Silver. 2 Copper vitriol. 

3 Lead. 3 Arsenic, white and yellow. 

i Zinc. i Orpiment, or arreuiu suipbide. 

5 AcBHmc 6 Speise, oontaioiuB cobiilt and nickel. 

6 Bismuth. 6 Ziuc paint 

7 Platinum. 

The process is, howeTer, primarUi/ one for the estraetion of lead and copper, 
with their aooompanying gold and silver, the rest being all bye prodaets. Cer- 
tain preliminary operations Lave to be undertaken in order to prepare the ores 
containing arsenio, sulphnr and zinc, but holding no lend, for the fusion vrith 
Iriid ores in which ihey part with their silver. These preliminary steps have been 
gronptd tc^ether ia the following paper in a PKEPAEiTOEY Series of operat'ons. 
Then follows (he REOULiB Sebies, in which all the operat ous connected with the 
fusion of the lead orrs and the eittactii n of the silver, gold ami copper, aie 
placed. Finally, in a St3pk.bmemtasy Series, are given the operations in which 
markttable articles are prepared, not from ores, but from various products ob- 
tained during lie couise of the previous work. 

Only by keeping in mind the feet, that there is one leading series of operations, 
which has lor its object the production of lead, silver, gold and copper, nad upon 
which all Hie other work is dependent, can a clear idea of the varied methods in 
use at Freiberg, be obtained. 
The processes placed in these three series are as follows : 

Pr. paratory. Eeguhir. Supplementary. 

Manufacture of Arsenic. Fusions tor Lead. Bismuth Procrss. 

" Sulphuric Aeid. Treatment of Matle. Hard Lead Process. 

" Ziuc. Cupelhition, Soparatioa of Gold. 

" " ZinoPaint. Treatment of Copper. Mannf. PlHtinum. 

Treatment of Lead. llefining Arsenio. 

Seven sorts of ore are recognized ; 
L Pyrites; iron pyritts coniaiuing not more than 1 per cent, copper, or 15 
per cent zinc, and little arsenia 

2. Arsenic ores ; aver^ng 35 per cent, metallic arsenio. 

3. Arsenical pyrites ; 15 per een>. arse -io, 26—28 per cent sulphur. 
4 Arsenical lei.d ores ; 12 per cent arsenic, [8—20 per cent lead. 
6. Blende ; with more than 30 per cent^ ziuc 

6 . PyritiferouB ores ; containing 15 — 30 per cent. zinc. 

7. Lead ores ; 1, galena, with more than 30 per cent lead, and 2, plumbif. reus 

ore, with IG —'29 per cent, lead. 
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Bat foil ;wiHg the sysiem pursued in this paper, the old dasgifiKation into 
flusds, lead ores, dry ores and copper orea, will be retaiued. The flusBs ate m 
the laaJQ those which contain KO much iron as to lualie thuu valuable nddifiona 
to the fusiou for lead. They are chiefly iron pyrites contstuing ameoio and zinc , 
but the xinc ores also belong in this clas^, thd residues after the distiUation oi 
the zinc being carried to the lead process and added in the roastme iumai,e 
The dry ores (Dlirrcrze),araBi called from the absence ot load. In this couiifry 
they would be called distJnotively sUver ores, for Iheir valuable part tonsista of 
fiue silver minerals. Theyara worked with the le.id ores in the shaft furna e, 
and therefore come in the regular series. But if their quantity is too great to be 
disposed of in this way, (hey can be melted in a revarliemtory with slag from the 
fusion for lead, and thon belong to the preparatory series. This was formerly 
the basis of the Freiberg treatment. Now it is, at most, an eicepUonal operac 

PEEPAEATOKY SERIES OF OPERATIONS. 

Boasting .■—Chief among these operations is roasting, or the removing of the 
sulphur. For this, four vaiieties of furnace ate used : 1. kihis ; 2, GorstenhBler 
farnaoes ; 3. Wellner's stalls ; i. reverberatory furnaces. The first two are con- 
nected with the sulphuric acid chambers, Kilus are used for ore in lumps, and 
for liatte. Those in which ore is roasted are 10 feet high, and 7XP ^^t '" sec- 
tion ; those for toatte are 10 feet high, and 10X5 feet in section, the long side in 
both cases forming the &ont. They have numerous smull side openings through 
which the workmen can observe and regulate the operation. The charge for the 
larger furnaces is 1,760 to 2,200 pounds, and for the smaller 650 to 1,300 pounds. 
A charge is drawn every twelve hours, so that one kiln roasts in twenty-four 
hours, of matte 3,500— *,iOO pounds, and of ore 1,300—2,61)0 pounds. No fuel 
iaused. The mlphnr is reduced to 8 pet cant. When it is nec-ssnry to roast 
the coarse ore or matte more thoroughly, Wellner's staUs are employed. These 
have grates upon which a fire is maintained, by which the sulphur is more tho- 
roughly removed than can be dona by any heat produced by its own combustion. 
But as sulphur is needed in the shaft furnace, the re-roasting of these coarse 
ores is rather ei:ceptioual. 

For fine ores, the Gerstenhofer furnace is employed for preliminary roasting. 
The form of this, as is well known, is that of an upright shaft containing trian- 
gnlar bricks, reaching from side to side, the upper surfaces of which form shelves 
on which the ore periodically rests. These furnaces have not answered the ex- 
pectations foiined of them, and they are retained at Freiberg more as the best 
oonstructioa in some respects that has yet been devised for finely crashed ores, 
than as a thorough roasting apparatus. They do not reduce the sulphur beyond 
12 or 13 per cent., and are used as a prepamtion for reverberatories. The roast- 
iog is not always uniform ; but for fine ore, th^ are almost the only resort of the 
smt-lter, who wishes to utilize his sulphur in (he manufacture of sulphuric acid. 

Eoiisting oidy to 13 per cent., these furnaces require to be Kupplemtnted by 
reverberatories an iut^^reatiug variety of which is iound at Freiberg. They are 
all long furnaces, the ore gmdually advancing f'om the ccol to ihe hot end- 
Three Iduds are in use, doable hearth furnaces of 17 and of 71i leet heartli lengthy 
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and Kin gle b^ortk furnaces ; botll sizes of the former havo upper henrtha of the 
width of e foet and low.r heactha of 5 tool G iuchea. It was found ihdt the eborter 
furnaues did (heir work just as well as ih^; loagsr, in less lime and with less la- 
bor. In building h new furonce, it was thsrefo^e maiJe of 17 leit heartti 
length, the apper hentlh 7 feet wide and the lower 6 feet 6 iuche-. These double 
hearth furnaces, and espedully the old forms, which haye a Hue on top, are ex- 
tremely hard to keep in repair ; and tiial was made at Uie HalBbrllnke works, of a 
single hearth faraace, 48 feet long and 10 feet wide. This gives more hearth 
room than lie longest of the old furnaces, and allows doors to be made on both 
Kid?s ; while the two-banked furnaces mostly have doors on one side oaly, a dis- 
position which makes it very difficult to move ore that lodges between the doors. 
This furnace roasts fully as well aa tlie older forms, and also disposes of abontSO 
per cent, more material. 

The Gerstenhofer furnaces and the kilns are connected with a system of flues, 
in which the arsenic, which forma n, constituent of almost all the pyrites, is con- 
densed. From the flues the sulphurous acid vapors pans to the lead chambers, 
where suiphurio acid is made. This condensation system is peculiar in having 
canals next the acid chambers, formed of sheet lead, by whiih the gas is 
so niueh cooled aa to insure the most thoriiagh precipitation of the arsenic. The 
gas also reaches the chambers in the Lest condition for condenaiitioa. The re- 
verbiratory furnaces have a special system of canals, in which a dust, very rich 
in arsenic, collects. As the gas ia not utiliaable lor snlphuric acid, the canals 
end in a high chimney. With tJiis description of lie means for roasting, we will 
pass to the li'eatment of the various soita of ore which are subjected to it 

Pyriles ,■— The coarse ore is roasled in kilns to about 8 per cent , and if desired, 
it is re-roasted in stalls. The fine ore first passes through the Gerstenhofer fur- 
nace, iu which the aolpliur is reduced to 13 per oent, and is then mixed with the 
load orefl for roosting in a revorberatory. 

Arsenic ores are of three kinda. J. True arsenic orea ; 2. Arsenical pyrites ; 
and 3, Arsenical lead ores. The true araenic ores are treated both for metallic 
arsenic, of which they contain about 35 per cent, and for arsenic sulphide. 
The operation consists in a diaiillation in chamotte tubes, first at a Ijw tempera- 
ture which drives over the arsenic snlpliide, and ihen at a high h;at, when the 
metallic arsenic passes over. The first collects in the extreme end of lie con- 
densing apparatus, and the second in that part nearest the fnrnaee. 

Arsenic sulphide ia also obtained irom the arsenical pyrites and from sulphu- 
ric acid residues. The former contain abont 15 per cent arsenic and 26—28 per 
cent, snlplinr. This distillation is also performed in tubes. The residues still 
containing arsenic ate treated like the lead orea deaoribad in the next piragraph. 
Arsenical lead ores are roasted in a revorberatory iurnaoe which has a hearth 
11 feet long and 10 feet wide. In order to prevfnt the passage of sparltsandsoot 
into the fines where the arsenic eondenaea, tie ordinary fir pkee is replaced by a 
simple gaa generator. This is formed by merely sinking the grate about 3i feet 
below the firebridge, and in the shaft thua produced eok« is burned. Combua- 
tion takes place only in the lower poi't of tie coke column, and ti-j upper pai-t is 
not hciited sufficiently to decrepitate. The ciirge is about 2,00.) pounds, which 
is roasted in six hours, at an expense of 275-330 pounds coke; each furnace 
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has a spcci.l Sue 800 feet long, in which a perfooay white dust, free from soot, 
and auLtablfi lor the market, collects. 

ZJnc ores ocmsist of blende, which ia roasted with great care in reverberatories, 
by, which the amount of sulphnc is reLluoed to one and a half per lent. 'Jlia 
rousted ora is then distilled in Sileaian rouffles, and the rssiduea from the distil- 
lation are mixed with t le roasted pyritiferons ores, and treated as desoribed in 
the next paragraph. These residues contain 9-12 percent, zinc ; 1—3 per cent, 
copper ; and 003— 0.04 per cent (8-7-11-6 onncea) silver. 

Pp'Uiferou.s ores are pyritea cputaiaing blende, '.rhey have from 15—29 per 
cent.of zine; 1— 2parceat. copper; 0' 016— 0-045 p"r cent, silver; and more than 20 
per cent, of sulphur. Their treatment ia one of the moat peculiar in the whole range 
of metallui^. It is impossible to utilize the zinc they contain as metal, nnA yet 
it must be eUminated, if the ore is to be charged in the fusion foe lead, whi-re a 
high percQulage of zine would aerioasly disturb the operation. Tile ore is, there- 
fore, iM)wdered fine, and lons^ed first in a Gerstenhiifer fuinace. EesidueB from 
the zinc diatillatioa are then added, and the whole ia roasted in' a revorberatory. 
The roasted ore is then mixed with coke alack and brown ooal, and smelted at a 
hi«h heat in a reverberatory furnace. The zinc oxide which has been formed 
in roasting, ia now reduced to metelandvolalilized, but immediately osi^iKea 
again in the air, and coUeola in the flues in the form of a gray dust. This ope- 
ration is conducted at a nearly wliite heat. About two-thirds the Kino iaremored 
in tliia way, and iho product -caE^ddezincing residue— contains all the iron and 
not quite one-third the zinc of tha orig.n^ charge. The regular chaise oon- 
dsls of 

30 roaated ore ; 1 13 brown coal ; | 1'6 coke slack. 

Prom four to six charges arc fused in twenty-four hours ; and the expense of 
fuel, according to the average of five days run in Seplemb r, 18G9, was : For re- 
duction 11 5 ; on the grate 308 ; total 12-3 per cent. 
Products : 

Beaidues=0-0]2 per cent (SJoz.) silver, 8-10 per cent, zinc.' 
SpeisB, usually amounting to 4 per cent, of the ore. It contains 13 per cent. 

(6.2 OK.) silver. 2 per cent, lead, and 10 per cent, copper. 
Lead is sometimes produced. It ia very impure, forma about 0.16 per cent, of 

the ore, and contains 1-3 per cent. (389 oz.) ailver. 
Plue dust, which forms about 10 per cent of the ore, and contains O'OOS per 
cent, (li oz.) ailver, 10 per cent, load, 24 per oout. zinc, and 30 per cent 
sulphuric acid. The dust near the furnace contains a great deal of sulphu- 
ric add. It is lixiviated and the residues returned to the furnace. The re- 
mainder Is aold as paint 
The furnace in which this au<l similar operations are performed is an adapta- 
tioR of that used in the English copper process. It is a reverberatory, in which 
the lining is composed of a mistnre of sand, clay, and slaR, sand alone, or any 
other matfrial that may be desirable. A foundation of suitable size is dug out 
and lined with masonry. Small pillars of mnaoniy {c c, Figures 7, 8, and 9) are 
also caiTied up nearly to the hearOi leveL On theae strips of iron plate ara laid, 
on which rests a number of iron phttes, 6 6 forming the hearth bottom. Upon 



d by Google 



60 



FBEIBEEG. 



these is pinned a Itiyer of broken stone m, then tomee a layer of quirtz and clia- 
motte (lid bricks ground up) n, and on this the hearth sole, k, made up UKualiy 
of qnarta and slag, is melted The other parta of the fiirniwe are : d, ouier w^tiiB 
Figure a. 




of hard burned bnck , e, fire-place ; /, grate ; g fire door ; k, fixe bridge of re- 
fractory bntk , } opening \n flro bridge to cool it ; I, arch made of refractory 
briek , o, openings for admission of air ; p. working door ; 5 ana r, side doors ; s, 
tap hole , (, charging hole m roof ; u and v, supports for the tools ; jo, the flue ; 
and X, the chinmey, made of hard burned red brielc, cemented with a raisture of 
quartz aud clay. The whole in strongly bonnd with wrought-iron bars. Fir. 7 



is a vertical side section 


Bg. 8 a hori 


tlie ftirnace. 
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ary profit. One of the greatest aofects of the Froiborg ore was forraerly its luck 
of iron, a want which was one of the reasons that in former times led to the ndop. 
tion of a reverberatory furnace process, after n trial of the shflft fumaee had lailad. 
Freibeig produces iron pviitcs mixed with zinc but Uns source of iion was nse- 
less until tills method of eliminating m st of Uia zmc was di'icoverei To 
merely roast the ore and add it to tbe ehirge in the shaft furnace woald 
i the entianca of so much zinc mlo the bIoo that it wouli bn both psatj 




and nearly infusible. Bat hy distilling the zinc off, n residue rich in iron 
and oomparatively poor in zinc, is obtained. ; and tins forms a very nooep- 
table addition to the lead ores. 

EEGULAK SERIES OF OPEEATIUNS. 
From all the above operations we have the following products : 
1. From Sulphur ores— Roasted iron pyrites couloining some lead, copper aa3 
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2. From Arsenic ores— Eoa^^ted residues, having in the miin Hie cnn position of 

roasted ii'on pyrites and still coutammg a cerlim jiro- 
portjoa of arsenic, together with lead, oopper and 

3. Prom Zinc ores— Dozincins reaidnes, forming a Blag, which oontiins much 

iron, 8—10 per cent, ziao, -with lead, oopper and sil- 
ver ; also B, Bpeise containing very much artenic with 
iron, copper, lead, cobalt and nickel 

Besides these, the following ores remaiu for tretitment 1 Galena ores. 2 
Lead bearing ores ; (the average of the two ia baiely 40 per cent, lead and 15 
percent., (43| oz.) sliver.) 3. CopperorsB. 4 Dij ure't 

The treatment now becomes that known as tho Poastlng and Redu tion pro- 
cesa ; the ores being first roasted to a silicate and tlien reiluced in fhe shaft Inr- 
nace. In the former operation various purohastd matenala containmg gold and 
silver, together with the residaes from arseuio glass are added, and the products 
mentioned above servo as flux in the blast funiace It ih for this reason Ih rt the 
ores from which they have been obtained liave received tie name Fbixes The 
first step is to mate the " ore-mixture" foe roasting This is done by spreadmg 
out ia thin layers, one upon the other, Ihs different lots of oie, bo that by cut- 
ting the mass down vertically, the chaises taken duly for the fiirnaco wiU have a 
pretty uniform composition. This ie of great importance in its effect, both upon 
the roasting and also upon the regular working of the shaft fornaco. The mix- 
ture contained in 18GT : 

60 615 leadorea. 

18 -in " dry" or silver ores. 

I '703 copper ores. 

11 '779 purchased products and flui. 

7-769 foreign ores. 



iioos(i?ig;— The miied ore, which is in the sta'e of powder, is roasted in the 
reverberator? fiimacea before mentioijed. Experiment has proved that a hearth 
of 47 feet length, and a grate of 25 inches width, ia sufScieut to insure a thorough 
use of fuel with the above mixture of ores. The chaise is made in posts of 1,600 
pounds each, whicb ace introduced every three hours, so that a ftiinaiie roasts 
13,200 pounds in twenty-four hours. The thickness of the layer of ore is six in- 
ches. It should be temackedi however, that the new stogie he rth furnace, at 
the Halsbrlicke works roafita 21,120 pounds daily. A great difference in the 
amount of labor is also apparent The 76-fool^ double hearth furnaces require 
eight workmen to twelve hours ; the 47.foot fumnoes, five men. Fuelaujouufa to 
22J per eeiit ol the i re, but the coal is of very poor quality and will averi.ge 20 
—25 per cent, of ash. Well roasted ore contains 3—5 per cent sulphur, aud 
rarely reaches 6 per cent. The ore ia thoroughly lused and comes from the lur- 
nace as a silicate. 

Keduction lakes plhoe in the octagonal or "PIltK" furnace, as it is named after 
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its inTentor. This was aa trst made octagonal, but new ones are (o be rOHnd 
The earlier forms were wider at the top than at the bottom, bnt the new ones are 
to have slmight sides. Tha new furnuces then will differ frojn the old T-tuyere 
Stolberg futnaoas only in ha-ring one tuyere more, in having tuyeres oq bU sidas, 
(and theref re, beino cooled oa oil sidea.) ftud in being closed at the top ; their 
lower walls are only one brick thick, but this is a matter ot convenieace ouly and 
cannot have any material effect upon the workinp. Thinness of walls, ia fiiot, 
has no other effect than to cool the hearth and thus previ nt its rapid destnuitiou. 

The furnace is built in two parts. The upper part is built of any hard brieb, 
is surrounded by a shell of sti-oug sheet iron, and is carried npou eight iron col- 
umns. It stands 41 feet above the sole of the hearth, lis shape being conical, 
and the base of the cone forming the top, the Uuing rests upon the iron shell, 
but tha lower courses are al<;o kept in place by a ring which is fastened to the 
shell by means of an angle iron. 

Tha mode of supporting the shell upon tha iron ooiumnfl is somewliat peculiar, 
Onf'.ur of the eight sides, a strip of angle iron is bolted to the shell T.;eseni8t 
upon an I beam bent to a sqiuire witli rounded corners ; and this I beam rewta on 
the columns. The columns are not placed equi-distuntly around the lui'nace, but 
sra assembled in pa^rs on those sides where the angle iron is boiled on. At the 
level of Uie distributing air pipe brackets are placed on ( aoh side of the colamna. 
Those on the outside cairy tlie disriboting pipe. Those next the tarnace, bunr 
against angle ivon knuckles which ate bolted to the shell, on those sides which 
do not carry the angle iron strips further up. 

The top of the furnace is formed by a round iron hopper or cone, the opening 
of which i- about 30 inches less than the diameter of tne furnace. Prom this 
an Iron cyUnder projeot< into the furnace, leaving an open annular space nf seven 
inches between the cylinder and the lining. The lop of this cylinder is closed by 
a pbiin cyhudrical sheet iron cup, resting on the innur surface of the hOx>per, 
The disclio^e flue is placed in the side immediately opposite the cylinder. 

The charge is made in ihe hopper, around the cup, and is thrown into tho far- 
aaoB by raising the oup. It foils into the cylinder, and thonoa passes to the body 
of the futnooe. The gas produced by the combustion of the fuel not being abla 
to leave the furnace by the thront, collects in the annuLir space around the cylin- 
der, and passes off by the flue. The flfte is lined with firebrick, tlireo inches 

This, as will be seen, is an old form of charging appai-atus, well known to iron 
smelters. Otlier methods ate also in use at Freiberg, in wliich the gas passes off 
by a central pipe, running thi-ough the cup. The rei»on for making the change 
was, that the syst m of flues is not sufficiently krge for the work it has to do and 
the furnace sometimes lailed to draw. The central pipe pei'mi.s a direct diH- 
chat^e into the atmosphere wheuever necessary. 

The loundation is carried deep into the ground, and is suiTounded by 2-inch 
plates of cist-iron. It consists, in fact, of an 8-sided iron bos:, lined with ma- 
sonry. The canter is filled up with sL^g. rubble, clay and bricks. Upon the 
mnsonry the hearth walls are built ; and tue hearth material, composed of clay 
and coke slack is laid on the bricks. 

from this description, it will be seen, that the effective height oi the futnaoe. 
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tbat is, tha height Qirongh wHcli the products of combustion act on the. charge, 
is thai from Ihe sole fo the lower edge of the c jUader, or fllteea feet foni incheB. 




Figure 10 Shaft T r 

The dimensions of the furnace reduced fto a I 
Height from sole to top 

" of cylinder 

" of Hlag discharge OT 

" of tnyeteB over sole 
Diameter at tuyeres . 



rtieal Sfftion, 
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Diameter of cylinder G feet 3 inches. 

of tnyeres " Si " 

Nambec of tnyeres (water cooled) 8 

Hopi>er ; Height 1 ft. 9 in. 

Dianieteiat top.. 8 " 9 " 

■' at bottom 4 " 8 " 

Cup ; Height 3 ' ■ i " 

Diameter 5 " " 

Blast pipes ; Diameter of distributing pipe (luterior) 1 " " 

" of doziIb pipes " S " 

JMseharge Sua ; Ditimeter (iutenor) 1 " 3 " 

Reoepiion basiu ; Diameter i " " 

Depth 1 •' 5 " 

SH: Pc' ; Height 2 " 1 " 

Diameter at top 1 " 6 " 

Columns ; Meau Diameter 6i " 

Height li " a " 

The charge for the furnace is made up in layers like the ore-mixture, only not 

BO carefully. Messrs. Kisi and finioKma gire the following as ita oompoBition ; 

Roasted ore lUO 

Itaw matte 15 

Koiisttd pyrites from the kilns 15 

Slag from the same operation 8(1—100 

210—230 
But generally other products are worked into (he charge such as arsenio resi- 
dues, zinc residues, lead bearing produce ajid purchased material, containing 



Slftg from same op rati n 151J 113.6 

Eiiw m itte 20 

Gold scraps 1-25 

DemnLiug reaidUL , 10'9 

271'25 224-5 
Freiberg ores contain gold, but in too small quantity to pay for eitractioa 
alone. But by increasing the proportion throtigh the addition of gold scraps the 
whole is obtained. We have already seen that the material treated in 1869, con- 
tained Bi much as 106 pounds of this metal. 
Products ;— L' ad, containing 0-5 per cent. (146 oz.) silver. 

Matte, 0'2 per cent (58i oz.) silTer, 25 per cent, lead, and 6 pet 

cent, copper. 
Blag, 0'006 per— 0010 per cent. <0.6— 1 oz.) silver, E lead. 
Flue dust Ibrms 11 per cent, of the ore. It contains 0.005— 0-01 per 
cent, silver, and 37—10 per oeni lead. 
Of coke, containing 15 —20 per cent of ash, 10—11 per cent, is used. The 
pi«ssure of blast is i—1 inch of mercury or I— i pound per square inch. One 
smelter, two chargers, and two to three slag-men are required to each shift. 

Although the amount of siilea in the charge is less Hian is considered advan- 
tageous in most lead works, no effort is made to increase it, but on the ooutrai; 
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bixsip fluseR— limestone and flnor spar are addsil. The result is a --Ir 
but little above a ptoto-silicaie. Tlie regulation of the ciiarga deiieut 
aiQouut of zinc present, io avoid the fornintiDU ol an infusible zii 
proportion of sulphur is kept np, either by not ronaiinK ihe ore e nip 
ftilding raw ores or matte. This insuies the passage of purt of the z 
matte while unother part unites with the slay. Tlie amount of zinc i 



slag, the 
itely or by 




£%gttre ll.—Horiiionta,l Sectivn. 
IS the proportion of slag repassed. At Halsbraeke, where the ores con- 
tain less zinc, Uie choice of slag from the same operation, is but one-half tiat 
used at the Mulden for zinciferous ores. This slag, aoeocdiug to Messrs. East and 
Bbaiind.0 contains 

Sihea 31-15 Barium Oside 358 

I on oside 41-31 Manganese oside 2-li) 

Zmooxide 7 85 Lead oside 1-47 

Alumina 3-18 Copper suboxIJa O.IB 

Lima 6-45 Sulphur 1-85 

Mignesia 1-00 . 

100-17 

The slag is reoeived in conical iron pols. A certain amount of the lead and 

matte contained in it settles to the bottom and thepoint-i of the cones are broken 

off and sent at once to the neit fusion. The amotmt of material treated in the 

lead process in 1867 was 18,353 tons, made up as follows : 
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3,330 " dry ore and copper ore. 

5,303 ■' products containing iroQ (chiefly from the Prelimintity 
Series of Opeiationa.) 
a^il " arsecie residues. 

Tiio matte is roaated in kilns or stimped and roiated first n Ihu Gerifenhoter 
furnace, and when it is desired to reduce the amount of s Iphuc u tl e reverbe- 
rivtory furnaces also. It ia ihen smelted with the adi t on ot ilag fi;om the first 

The operation ia in feet a treaimeiit of Ihe first sbg w th n 11 1 on of the matte 
find it exhibits in the strongest miinner the peoulnr t b of h Fre berg methods 
Though the matte ia altogether basio, little ac d flux s Id 1 and eren the 
slight amount of sihea added, is swallowed up by the hmesto e and fiuor hp r 
which constantly t'rm pai-t of the charge. Th' a n stoprol ce n ye y has c 
thin slag, which on aocount of its flnidity wiU alio !■ the ma ta an 1 lead to settle 
as perlectly as possible. 

The charge varies very much, for this fusion is thegene al outl t of whateyor 
the works afford of basic products. Messrs. Kast & BhAUNiBO „ ve the follow 
ii^ as a specimen : They, it will be o' servetl, base the h i^e upon the nmount 
of first slag it contains. This view ia certainly oi rrect ai th s slag forma by far 
the largest imrt of the charge, and the operation is really a ref s o ot slag 

Slag liom first fusion lOO'O Spe se 10 

Copper Blag.,.-. fO Dez nc ng Ee. dues 10 

Copper matte raw 2 3 L ne t^ne - 

Li^ matte roasted in hilns 4-3 Fl or -ipar 20 

Lead matte roasteil in kilns and stalls 8-4 Heorth tl 7 

Pvrites S"" 

Thns, matle and ore form but 20 parts to 100 slag. On September 16, 1809. 
the charge wai ; 

First si .g 1W3 

ItoKsted first matte 2) 

Fiuor spar IIJ 

Copper slag 5 



13t 
Labor and pressure of blast are the same as before. Of fuel 13 - 14 per ci 
consumed, equal to 17-18 per cent, of the slag ; or 70-75 per cent, of the 

Products :--LeHd=0.15-l>18 per cent. (44-62 oz.) silver. 

'2nd matte— O'lO— 20 per cent, silver, 21 per ceat. 

lead, and 15 per cent copper. 
2nd8lag=0™2 percent. (4 oa.) silver, 1 ■5—2 per cent 
lead. This slag is thrown away. 
Ther ' are no Cull analyses of the slag, but the proportion of some of its c 
tuents is as tbiljjws ; 

Slltav *»■' 

Zinc oside ■ ^ " 



d by Google 



Lead oii<!e 2'5 






. 0026 



Th9*\ifemeljbaEico]iftraeterotthis slftg, and its large percentage of zinc, miiie 
the manageuient ol the fiinmce very difficult. When tie Piltz furnace was first iu- 
trodnoed at the Muldner worka, ils height was mttdo 22 feet ; bat ifa reducing 
aoiion wns too great for the slag, and it had to be cut doivn. A new furnace 
which is to bf built will hn eleven feet eight inches high, the diameter of five feet 
en : luehe being retained. Its Eidea wi 1 be ttraight instead of ii.olined. 

Ihird and Murlh Fusiom : -The second matte is twice roasted and resmeltad 
with first Blag, tie object being to concentrate it lo about 23 per cent, copper 
when it is looted upon as a copper matte. These fljsions form successive atepa 
in the operation hist described. The worlji.ig of tlis fu naee is not stopped, but 
a second or third matte is merely substituted for the first, for a few days or ua- 
lil the whole of the material at hand has been smelted. The other conslitueuts 
of the charge remain the same, and the expense of labor and fuel is not to be dia- 
(jnguished from that given for the second fusion An old lablc, showing the Rni- 
dnal change of the matte from a lead matte carrying about 57 ounces of silver to 
tlia ton. to a copper matte with one-third less silver is given below ; but it is very 
likely that the new method has changed these proportions. 

atliVEn. LEiD. COPPBB, 

Dtffirea-cs. DecfeaKes. luiireases. 



Ui matte,. 


Pore at, Oz. Percent. Per 
in 2000 lbs. 
0.25.... 73 25 






3d do . 
Itli do . 
the processe 


0'17. . . .48-96 13 S 

0-15..,. 43 'TS. 13 i 

.s just des.-ribed; the ores have all b. en treated and 



first into t a side products obtained ia the preliminary series of operations ; and 
into two otiiecs -lead and copper matte— the result of the shaftlurnac trealmeul. 
In the lead is concentrated nearly all the gold and silver, and the remaining ope- 
rations of the regular series aje those belonging to the lead treatment, by which 
the gold and silver are separated from the former metal ; and t'.osa belonging to 
the copper pro, ess, in which copper, vitriol, and rich silver residues are ob- 
tained. 



The lead obtained in the foregoing operations contains a very appreciable 
amount of iron, copper, arsenic, and antimony. It is i.il refined by heating in a 
revtrber.itoryfum.ce, with admission ol air. The above metals are all more oxi- 
diznble than lead, and a product is obtained in which tliey are concentrated. 
This is used to make liatd lead, while thti refiued inetal goes througli the Putti- 
son process, for the es!ra tion of its silver. The latter process has been so often 
described, that it will not be followed here. Fourieen kettles are in use, each of 
27,500 ponnds capacity ; oonceutration proceeds on the one-third system, and 
poor le.id is obtained with 00015 pei cent, silver, and rich lead of 1 -5 per cent, — 
1.8 per cent (437—505 oz.) silver. The consumption of fuel in twenty-four 
hours is 4,220 pounda. 
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Refining .-—Two fumacea ara in use, one sliallow nnd one deep, 
having B, marked effect upon tlie consumption of fueL 
The Bhallow furnace treats 10 tons in 24 hours, with 3,200 ponnda ooal. 
The deep " " 13-6—16 terns " " 1,320—1760 pounds coal. 

In spits of tiiis extreme diCereuoo in fuel, the saving by the deep furnace is, at 
Freiberg, but a tew cents to B"ton of lead; the roal being very cbenp. 
Products :— Lead, containing O'S per cent. (175 oz.) silver. 

1st. Abstrich, which amounts to nlxiut 19 par cent, of the charge. 
It contains a great deal of lead arsenate and antimonafe, and 
a little copper and iron sulphide, 
2nd. Abstrich, forming 10 per cent, of the charge, and contnining 
but little arsenic or antimony. This is returned to the flrsi; fusion 
for lead. 
Cktp^lation is performed in a German hearth. It is divided into three stages, 
forming three separata operations. 1. The operation is stopped at the point at 
which the bismuth begins to osidise. This tates place whan the lead is eo con- 
centrated as to contain about 50 per cent silver. 2. The rich load is then re- 
moved to a new furnace and concentrated to about 85— 90 per cent, silver. All 
the products contain hiamufh and are treated for this metal. 3. KeEning takes 
place at the Halsbrllcke works, the produeta being alsorich in bismuth. 

X'igure 1^ The operation is performed 

in a cupel fitmnce, shown in 
Figures 12, 13, 14, and 15. This 
is a round furnace, with con- 
ir oup-shaped hearth, the 
arch of which is formed of 
shei t iron lined with clay and 
nvable The lead is charg 
the h arth with tlie cover 
I d Tjid when leady the 
IS pliced hy raems of a 
crane and the joint luted w th 
clay ThtTO are fi\e openings 
to the hearth, one for the 
flames to enter tno for the 
1 list, one by which the abzug 
I'i diawn out and one for the 
dischirge of the litharge Fi 
gure 12 is a vinw of the hearth 
with the cover removed dotted 
lines shouting the relative an- 
gles of the blast, flame and 
lithaz^e rpenings. Figure 13 is 
vertical section, also without 
the cover, and Fig. 14 and 15 
flow the stcli^toa of the covi r ; 
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6 is the foundiition wnll, etlie iron braces, d drying canals, e ring wtiU, often mafia 
of clay, packed within an outer ring of maeoury, / sole, of slag from lead furnace, 
g brick sole laid on tlie slag. This is laid dry and tlie crevices oiilked with mer- 
gel. Upon this is stamped a mergel sole [not shown in the figure) which forms 
the working sole of the lurnaoe. Mergel is an argillaceons limestone stamped 
fine and when of good qualiij, contains about 22 silica, 6 clay, 4 iron, 3 magne- 
sia and 6G lime carbonute. When no natural rock of about this compositiou is Kt 
band artificial mergel may be made by miiiug intimately 1 volume cliiy with 3 to 
4 volumes powdered limestone. The powder is sifled through a mesh of 64 holes 
to the square inch. This is mixed wilh old hearth powdered, uioisleued and 
stamped in upon the brick sole, the layer btdng 2 — 3 inches thick. In stamping 
the mii£s may be placed iu layers, the foce of each layer being criss-oroased before 
pnttii^ in the next, or the whole may be pnt in at once, lightly stamped to shape, 
and finished by stompii^ iu u spiral line from the wall to the center. In the cen- 
ter, sometimes nearer the firebridge, a shallow basin is cut out where ihe silver 
finally collects. When finished the sole must he so hard thi^t pressure with the 
fingers makes no impression upon it. The object of the S'lle is U> absorb the li- 
tharge formed in the last stages of ihe operation Jt mast, therefore, be porous, 
but not so porous as to absorb too much lilhiirge. The thape of the sole bus 
soma effect upon the operation. An old rule is that with a deep besith the lead 
oxidizes easier, but the sOver brightens less easily ; with a shallow hearth (he 
brightening is easier, the formation of litharge slower. 

In the figures h and i are iron ring braces. A? brick wiill forming the sidee of the 
hearlh, m iron plate covered with mergel, forming tlie litharge opening n ; tliis 
usually has a hood to draw oS lead fumes and protect the workmen ; o opening 
where the flames escape and the abzug is drawn off ; this furnace has no cbim ey 
but is placed under a large chimney lorming the cupelLition room ; p fire bridge 
r tuyeres, u and v ash pit. uj grate. 

The cover is made of iron Lai's joined by concentric iron rings upon which are 
placed segments of sheet iron. The sheet iron is pierced with numerous holes 
tiirough v/hioh project bent pieces of hoop icon. Up'jn this a tough ciny mixed 
with sand is thrown, forming the interior surface of the hood. These dififerent 
parts are shown in Figure 15, 

Of the cnpallfltion a good idea will bo obtained from five operations, iu 1869, 
which gave tiie following results ■ 

Chaise : Lead from Pattinsomng 286 16!) pounds. 

ProducTa Abaug 1 IW) " 

Abstnth none 

Ked litharge 30 JIO " 

Bismuth btharge i 29U " 

Oidiuaiy i[thar,je 221 760 " 

Irfstd strips 3 410 " 

Hearth 25 080 " 

The working time was 463 hours but this evideniij does not include the time 
employed m preparing and diying the f^nace The average amount of lead cu- 
pelled was 552 poun is per hour a very high figuie, and due to ttie fact that to- 
wards 30 tons of lead are cupelled at each oponition. Of fuel 4i cords wood. 
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15,400 pounds brown coal, and 6,610 poands bitiiminous coal were used ; (ir per 
ton of lead, 0-03 cords wood, 108 pounds brown coal, and 46 ponnda ooal (7 ■ 7 per 

Of the above product a the red litharge k sold for paint ; the litharge containing 
bismath is treated i'or that metal ; ordinary litharge is revived to lead, lead scraps 
ore retmned to the next cupeDation, and the hearth ia charged in the first fusion 
for lend. 

Second CvpdMian .-—The rich lead is not weighed but asnally from 1,300 to 
1,800 pounds weight, are obtained at each operation. From this second cupella- 
tion, which is conducted like (he first, the following producia ore obtained : 

First litharge, containing 4 per oent. biBmuth. 

Second litharge containing 9— 1 per cent bismuth. 

Hearth containing 9—10 per cent, biwnuth. 

The time is four to six hours, fut-l 9.380 pounds coaL 

The resulting silver is refined in a cupel Inrnaoe. It contains all the gold of 
the orea and products, and this is separated by the usual method of dissolving 
the silver in hot sulphuric add The gold remains as a residue, and th-o silver is 
precipitated by copper Irom the solution. The gold is ignited with saltpeter and 
melted with bisulphal* ot soda. The slag contains platinum, which is obtained 
from it in the chemical bboratory 

Hitlierto we have followed the course of the operations hs they are carried out 
at tbe Muldner works ; now wa will turn, our attention to the Halsbrlicka workii 
where all Ibe copper is extracted. The matte is snbjectsd to one mora opera- 
tion, by which its percentage of copper is increased to 73 —75 per cent. This 
is done by a peculiar process. 

The first copper matte, according to analysis ma'le in tie Clausthal laboratory 
(and the specimen may be looked upon as a feir average, though the copper 
Bometimes rises to 43 per cent.), ia made up as follows : — 

Copper 32-9 Iron.; 19-5 

Silver 025 Sulphur 23-8 

Arsenic, antimony, zinc, nickel, cobalt, etc., in small quantities. 

This ia smelted m a reverberatorj furnace with quartz and bariam sulphate. 
By reduction the barium sulphate becomes barium sulphide, which, in presence 
of copper oxide, gives up its sulphur to the copper, lakes oxygen, and forms a 
silicate with the quartz. This use of barium sulphate as a re-agent is Intended 
to prevent the introduction of iron into the charge. Since metallic copper is not 
made, bnt copper sulphate instead, it is necessary to the pnrity of the hitter that 
the resulting matte shall not contain more than 0-3 per cent, of iron. The matte 
is stamped and toastad in a reverberatory furnace, %o 5 pec cant, sulphur. This ia 
over-roasling, for there is not enough sulphur left to make the 1 asic copper sul- 
phide which is desired. But ovec-roaating is necessary in order to osidize the 

2 Thia account of the treatment of the oopFerproauntfl fe taken from tlm* by Pro- 
le^aor KuhlcmaoD of the ClanstUal School of Mines, in the Preusfl. Zoitsohrilt filt U r^, 
MQtttn und dalinea ffeBeu, 187^. 
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iron siifBcientlj to insure its removal. Sulphur is tlieu added fo the cLai^'e ia 
the form, as above slated, of barium Bulpliafe, and by this method copper miitto, 
of H high degree of ooucentratiou.aadofa purity that is hardly attempted elae- 
vfhere than qt Frei'^erg, ia obtained. 

lu loa-liiig, the oliarge ia 1,100—1,540 pounds of matte evfiry three hours ; or 
8,800— 11,320 pounds in twenty-four hours. The furniioe is kept cooler tllMi 
witli or^a or other mntte, because the copper matte is very liable to soften and 
fainter. Of coal 30 — 36 pel cant, ia used, but it is of Tery poor quality, cout.iia. 
iug 20-25 per cent of ash. 

The produ t oontiins copper oxide, basic copper aulphate. iron osiiio, baaio 
iron si Iphate, melallio ailver, silver oxide, lead sulphate, zinc oside, uiokel 
oxide, cobalt < ^de, and arseuio and nntimoay salts. 

Tliia.isfusedin a levorberatory of the kind deaiTibed when speaking of the 
preparatory operations. The sidles, formed of clay and quartz sand, are repaired 
after eveiy two or three operatjoiis, because the alag, being a Biiigulo sili«ta, 
attacks them nipid'y. The chaise weighs 3,630— 3,900 pounds. Immediately 
after charging t'je lurnace is fired asbotlyaspoasihls tor 4 -6 hours, whan thn 
cbiirge is stin-ed, and when the matte has settled, the scoria ia rakeJ off. aia 
jimtte remaining behind. A second charge is inimediately made, and when the 
scoria from that has been drawn off, atliird. Not »ntil the matte of three 
charges has collected is it tipped. Five charges are made in twenty-four hours. 
The follow in;; is the composition of a charge ; — 

Charge : -Iioast«d mutla 103 

11 \v copper (.i^om saiiie opera ion). . 11—27 
UlEick copper (from sHine operation) .. 23 

Barium Bulphat* 25-30 

Eft* quartzose dry "res 14-23 

Sometimes fluor apar is added to make the slag more fusible. 
Prodnots :— Bla k copper, oonlaiuing le,-d, 50-0 '60 per cent. sUver, 20-25 
lear!, 50—60 per cent copper. 
Con centru ted mill te : 0-29— 0-4); per cent' ilvet, 3-7 p'r cent. lead, 
70 — 73 per cen'. copper. This pioduct is tlie one for which the 
operation is undertaken 
Copper matle ; 0'30— 0-40 per cent, silver, 9 percent, lead, 60 per 
cent, copper. 
Of these products the black copper and copper matte are returned taw to the 
Bam e operation. 

There was an apparenl loss of 0-26 per cent, mlver, and O'OB per cent, copper, 
andanapparentgEunof 21-85 per cent, lead, and 29635 per cent. gold. This 
arises from the fact that both the dry ores and acoria contained lead and ailver 
which was in too small quantity to be accounted for by the Bssayet, as in keep- 
ing the hooks of the establishment each process is charged and credi.edwiih the 
materials it receives and delivers on the same principles which gover'i the pur- 
chase of ores. The figures of loss and ptofit are, therefore, i.ot tif.l, but 
flnanoiaL 
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The resulting coEcentrated matle eontained. hy analysis ; 

Copper , 76-1 Iron O'll 

Lead 4-2 Snlphuc 14 05—95-08 

Silver 0-29 

In this specimen the percentage of copper is somewhat above the avatars. An 
average matte contains 69—74 per cent, copper, 0-2 per cent, cieliel nud cobalt, 
and 0.5 — 1 par cent, arsenic and antijcony. 

Ttia matte is now treated with bot Eiilphuric acid to extrac.t the copper. It is 
first stamped dry and sifted ihrough a mesh of about 32 to the square inch ia 
order to separate the meliillia copper ulways existing in a matte of w high a 
grade. This meiallio co per, if allowed to remnin, would pass through the dia- 
B'>lving process almost undissolved, since (he time of that oper.tion is calonlated 
for the solution of ooin;er oside, which is much quicker than that of the raetaL 
The powdered matte is then roasted d ad in an Aagustin muffle furnace that has 
three hearths, audisso arranged that Ihehot gases oanbe^ut offwLoUy or ) artt; 
from the middle hearth, the object being to protect the fresh charge from the 
action pf the hot gases. If too hot, the matte might soften siifflcieutly to sinter. 
One.ohaige only of 1,000 pounds is at one time in the furnace, which for sin: 
honri ig kajit quite dark, the heat being then increased for three hours to inci- 
pient whiteness, which is kept up for three hours more under couatant stiri-ing 
cjj the matta. The charge remains sixteen houw in the furnaces, nnd its sul- 
phur ia reduced lo 1 per cent. The roasted ore should be bluish Mack fiom 
copper oxide and not reddish brown which would indicate iron oxi:ie. Labor 
amounts to ubout sis days to 2 COD | ounds, and of coal, which mu.it be of the 
best quality, 110 — 120 per cent is consumed. 

The r- asted mntle is silted to remove the lumps formed in roasting. The -e 
enclose raw particles which would pass unchanged through the dissolving pro- 
cess and add to the amount of the argeniifetous residues. These coirse pariiolea 
are stumped and re-roasted ; the fine partis ground in mills and bolted. It 
coosists of oxides of eoit(jer, iron, nickel, cobalt and lead, metiiUic copper, silver 
and gold ; a small quantity of sulphates of copper and lead ; and some arsenic 
and antimony salts. 

When this is boiled with sulpharic acid the oxides are dissolved, but metallic 
copper, silver ftudgold mostly remain as a residue. If silver is dissolved it is re- 
precipitated by the copper present. Arsenic and antimony salts are broken up, 
the arsenic remaiuiug in the hquor as free arsenious add, and the antimony au 
ontimonio hydrate wbioh partly falls. 

The solulion of the oxides laltes place in thick vats of hard lead, having a 
capacity of 1.25 cubic meters, or about 45 cubic feet They are 1.1 meter high 
and 1.22— 1-30 meteiBin diameter Kaw chamber aoid of 49— 50° B. isfiTHt intro- 
duced to the height of 0.36 meters, and super heated steam is blown in until the 
liquor boila. This dilnlas it somewhat. The powdered matte is gndually added 
by means of percussion troughs, during which the whole is stirred constantly. 
One of the drawbacks of the Freiberg method is the tendODCy of the matte to 
Inmp together, thus increasing the amount of residue. Boiling ia continued 
for an hour and a half, when the vat is filled up with mother liquor Siora the 
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cryBfallizifioa tuilis, and tlie boiling contluned. Tlic solution then marks 32" 3. 
It U allowed lo settle for two liouis, and the clear liquor is then drawn off by a 
syphon to the clarifying vatB. and afterwaids to the crjstaffization tanis. The 
entire operation lasts five hours, and witk four dieaolving vats 3,630 pounds ol 
matte ai'c treated m twenty-four hours. 

CrjBtalhzation contiuuea for nine days. The first vitriol formed —about one 
quarter of the whole— got 8 to the market as raw Titriol. The temamii^ thiee 
quaitera is re-disso'.ved, filtered through granulated copper to remove the iu- 
Boluhle residue, and also precipitate any silver t'jat may be in BOlution, and 
recrystallized. This operation also takes nine days. The new liquor is neai'iy 
neutral, and the crystals are very large ; they are washed to remove a brown 
coatiag, and dried. 

The yearly production is about 2,300,000 pounds, from 880,000 potrnds of 
matte. The number of vata ia eight, and of crystallization tanks 104. 

Tlie mother liquor is concentrated by boiUng, and a new crop of crystals taken. 
These contain 0.035 per cent ofiroo. The mother liquor'is now very rich in 
iron, bat it also contains two pounds of eopprr to the cubic foot It is used as 
a cementing liquor in making fine pyritii'erous ore into bricks. By this means 
the copper is returned to the process . 

The Refiduis contain the silvec. Th y are washed, filtered and dried, and 
foim about 17 per cent, of the oonoeuttated matte, Their composition in I86'J 
was about 1.94 per cent, silver, 41 per oeat. lead and U per cent, copper ; hut 
the proportion of copper has since then been reduced to 5 per cent, by nsing 
stronger acid. The percentage of lead is lai^e, because the sulphate of this meliil 
is entirely msohible, and lead sulphate is formed by the action of the sulphuiic 
acid. Those residues are addrd to the first fusion for lead. 

The balante sheet, reckoned upon 100 p.irta by weight of concentrated matte, is • 
as follows : 
Chaise ;— Concentrated matte 



t L'opper 



22-123 



Raw chamber add reductd to 66'^ B (by weight) 196-7— 198-7 

Products :— Copper sulphate 351 38 

Residues 16-41 

Mother liquor^S pounds copper per cubic foot ... 68cubiof6:t 
Do. do. ferruginous, for bricks, 21bs coj.per per 

cubic foot 180 " 

lahor:— Boasting, dayaof twenty-four hours, 16 

Bitracfion, " 7-55 — 23-55 

Fuel ; — Itoiisiing .116-6 

Heating boiler 124-5 

' ' liquor 100 'B 

Drying crystals 20-0 

" residues. ..-..-.... 6-3- — 368 '2 

If lo the above 251-38 owL of copper sulphate from 100 owt. of oouoentmf«d 
matte we add the 8 cwt.. to be estracted from the 68 cubic feet of 3-pouad 
mother liquor, -we hare a total of 259 38 owt of copper sulphate from 71 5 cwt. 
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cfGDppermtnen.atle. The inalie is, tlieveJbre, 362-3 par cent., nud 100 parts 
of copptr require 176-1 parts of aoiJ ot 66' B, to maka 3e2'8 parla o( 
copper suipliata. This proportion of acid U 31-5 parts in excess of that de- 
manded bj choniicfll ]a,WB, an «cesa which is accounted for by the acid takea 
■up by the lead oside. 

It should be remambared that the coal used contttins for the most part 20—30 
per cent, of ash ; the remamder holding 8-10 per cent. All of it has about 3 
per cent, of water. 

The lossamoimted to 3-10 percent, gold, 0-65 per cent silver, and 061 per 
cent, copper. The gain was 2048 per oaiit lead, these amounls, as bolore said 
notrepresontingreal loss or gain, but the commeroifll values of the material^ 
treated and the produota obtained. 

SCPPLEMENTAEI SEBIES. 

Among those operations which, in the early part of tbia paper, were referred to 
as merely supplemenlarj to the regular course of the process are ths Treatment 
of the Hard Lead ; Manufacture of Arsenic ; Estraoilon of Bismuth ; Separation 
of Gold and Extraction of PLitiuum. 

The material treated in these operations consists of : I. First abntrich from the 
refining of the -lead; 2. Crude arsenic from the araeaio ores; 3. Litharjje and 
hearth, containing bismuth, from the cupel^ation ; and 4. The alloy of gold, sil- 
ver and platinum obtained in eupalialion. 

DfsUoerimliwtof (he abalrich;— The ahstrich, which forms about 19 per cent, 
of the lead obtained from the blast ilirnaoes, confaiiiB 5—6 per cent, antimony, 
.6-7 per cent, arsenic, and 0-2 per cent, copper. It is mixed with 3- 4 per ceni 
coal, and heated in a reyerberatory furnace. By this method a small quantity of 
the absfrich is reduced to lead, which is much richer in silver than tlie part of 
the abstcich which remains unreduced. The producta are ; 

Lead, which goes to the lead treatment. 

Desilvered abstrich=0fl01 per cent, silver, 8 per cent antimony, 7 per cent 
arsenic, and 0-17 per cent, copper ; to treatment of hard lead. 

Jtwio»/orAanJ(raii.-—Thia desilvered abstrich is charged in a shaft furnace, 
the charge being as follows : 

Choice :— 100 Desilvered ahstrich. 

25 Sl«g fi'om fusion for lead. 
5 Fluor spar. 
Products : 

Hard lcad=0-01 per cent, silver, 9—14 p«- cent, antimony, 3 per cent, arsenic, 
and 0-4 per cent, copper. To refining. 

Abstrich scoria=15 per cent, lead, 

3reiMmsn(o/o6sfrioftscorta,'—Iti3fused again with 25 per cent Blag from the 
fusion for l^ad, and 5 per cent fluor spar. Tbe products are hivrd lead, which 
is added to that obtained in the last operation ; and 2d, abstrich scoria, which is 
-sent to the fusion of matte. 

Boning of Ho0 Lead .-—The hard lead obtained in the last two ftigions is ra- 
ined in a reverberatory. Arsenic and copper are mora easily oxidized than lead 
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and antimony, Biid two prodiicte are obtam- d. one rioli in the former, anil ita 
other in the latter metala. Thuae products are : 

1. Befiued liard leai=9— 14 per cent antiinouy, 2 per cent arseme, 0-1^ pe» 

oeiiL coppar. To poling. 

2. Sorflps=ia per cent, antimony, 4 per cent, ncsenio, aud per cent, ooppar. 

This is reduced to metal by fusion with 35 per cant, lead siif^rin, 
and 5 par Cent fluor, in a (Jiaft lumaue, 
PoUiuj of ITard Lead: —This operation, by which th-^amonnt of ureeuie is still 
further reduced, oonaiats of plunging green wodd into the melted laad oonfcOaad 
in a Patfinson kettle. The resnlt is ; 

1. Lead -icraps. 

2. MarketttbleHai-dlead=9— 15 percent. nnlimocy.I-a-I-S per cent araenio, 

0-15 per cent, copper. 
The object of theaa repeated oper..tions is to aepurate the araenio and obtain a 
lead, the hardnesa of which sh .11 be due mainly to antimony, aa this is the con- 
Btituent which makes this impure lead Taluable. 

'Manufactii.re of Arstnic. Refining .--The production of commercinl aisenio from 
arsenical residues of the sulphuric odd process, aud ftoiu flue dust, wr-. mo- 
tioned in IrenKng of the preliminary operations, f<'r the reason that these pro- 
ducts are mixed with the ow« of the metal, and the two classes of optottoaaare 
inseparable. Therefore to that description remains to be added ,.nly the pcobena 
of refiniug, :t is only the arsenic made from ores that r ciuires i eflniog, (3)8 
product obtained from the flue dust beii^ already snfaoiently pure. The former 
is refined by redistillation in closed kettlea. These kettles must bo m,ide of an 
iron oonfmning as little carbon as possible, since the carbon will darken the 
glafs by reducing a part of the araenious acid to a lower degree of OKidaUori. 
The kettles serve for 150 charges, though nwide very thin. There are two setts^ 
each containing 5 kettles ; the labor amounts to 1 man to each seti Yellow arse- 
nio is made from white by adding a smaU quantity of sulphur. The intensity of 
color depends upon the proportion of sulphur, and the quantity of the latter is 
usually 2 per cent, 

JhelMraetion o/Biatmitt.-— Onlya very small pait of the ore conlama biamntt 
in sufficient quandty to warrant any payment for the metal. But minute quaiiti- 
liea, so small as to escape the assayer, or, at all events, too smnll to be wc^rth 
reckoning in the price, are found in much of the ore. The bismuth is reduofld 
like the lead, and follows that metal in all the manipulations up to Ciipella ion. 
It is, however, more difacult to oxidize than lead, but less so than ^Iver. ' Tha 
firat portions of lead oxidized in the cupel furnace, therefore, contain no bis- 
muth, but wten the lead is enriched to about 50 per cent silver, the bismutti 
also begins to oxidize, and ia found in the litliai^a and haarth. 

These produos are placed in large earthen jars, of 10 cubic feet oapabity, sal 
treated with diluted hydrochloric acid, the proportions being 100 lbs. lithniga 
and hearth to 120 lbs. aj;id. Tha acid remains 5--6 hours, or until the heat 
arising from the chemical action subsides. The jar is then filled up with cold 
water and the contents well stirred, a'ler which they are auffered to rest for 12 
huurs and the clear liquid is then drawn ofl by mtans of a syphon, into a tank 
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holding 50 onbio feet This tank is filled up with cold watar, whioli throws down 
basin bismuth oilorida hydrnte. 

The reeiducB ace treated 9 or 10 times with q^iaiitities of acid decreasing from 
aO to 6 lbs., and U\e liquor is aa before drawn off into the Lirge tanli. 

The basic bismuBi chloride is fused in iron crucibles witt uoda carbonate, coal 
and quartz. In 1868 the proiiuctiou of bismuth was about 44,000 lbs-, worth 
nearly $3 25 a pound. The direct cost of mauufaotura was only 65 cents a 
pound, not counting in the extra amount of cupel henrth, which is produced by 
dividing the onptlliition into two opeiationa. 

The' separation of gold and platinum was inclnded in tha treatment of tlie ail- 
Ter. These operationa do not differ from the ordinary methods, and hardly 
come withiu the province of this paper, which is intended to exhibit Freiberg as 
a lead and copper producing establishment. 

In reviewing the processes in use at Freiberg, it is evident that with all their 
eicellenoes, some of them have great defects. Muny of the lesser operations evinoa 
an amount of skill and of scientific ingenuity which is rarely met with. But on 
the other hand, the most important of all the operations— the fusion for lead- 
is carried on in a way not to be oammended. One of tbe chief purposes of a 
ftwion of ores is, in nearly all eases, to dispose once and lor all of that portion 
of the ore which is of no valne- tha gangue . It is of importance to get ont aa 
muoh metal at one fufcion en possible, bnt it is of at least equal importance 
to producB in the first operation a slag which is sufficieatly poor to bo 
thrown away. This is r ot done at Froibarg. The products from the Insion of 
lead ore all require ra-smelting. That is inevitable with tha lead and the matte, 
for by the nature of the case both have valuable oonstitaenfa, which must be sep- 
arated. But the slag is re-smelted only because it has about 5 per cent, of lead, 
and slags ace not usually considered woj thlcas until their proportion of lead his 
been ceduced to H pec cent., or leas. If we assume Pasa products to be in tha 
3, and 47 slag, we see that fully one-third of the 
1 treatment once for all at this fitep ; it should be thrown 
it (hat it is not thrown away entails ooniiderabla 
' it were possible to reject at once 33 of the 47 per 
el alone would amount to at least 3 per cont . of the 

is the formation of a basic slag. To this is due tha 
JsEio slags are, as a rule, avoided in lead smelting, 
the slag from lead works in all quarters of the world having, with tolerable uni- 
firnnity, pretty nearly the composition of a bisificata. The composition of worth- 
less lead slags may, as a rule, ba put 'at 35—40 per cent, silica, and over 40 p' r 
coat, icon oidde, ibe remaindec being bases of various kinds. In many works 
the amount of zinc closely approaches that in the Prcibei^ sli^ These fiefs in- 
dicate that to place the lead treatment at Freiberg on a par with that of o her 
works, it is necessary to increase the proportion of silica in the chaise Hithont 
lowering that of iron oxide ; that is, the slag must be raised tana a proto siliciit^ 
^iieacly), as at pcesent, to one that is nearly a bi-silicate. The problem ia then, la 
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there any means of doing this? Difficult as it is to prasoriba means of wortiog 
in an eBfal)lislimeut so distant as the great S.is:on worlis, and during as is the task 
of oriidoiziug tlie manageinaat of men bo able and so exparienoed as those ^ho 
eontrol it, it sUll seenss to nte possible to indicate a theoretical method of reform- 
ing this process. Whether that reformation is practicable is » qneation of dollars 
and cents, which onlj the most intimate acquaintance with Uie fpeeJal conditions 
of Freiberg can determine. 

The Freiberg mines are situated in the midst of a great field of gneiss, of which 
three kinds ata distinguished. The composition of theae is given, by Schebbeb 
SB follows : 

I. II. III. Mean. 

Silica 65 36 70-75 75'24 70-i5 

Titanicacid DDS OSI) 020 0-55 

Clay 14-82 13-70 ]2Sfi 13 79 

Ironoiide | 6-20 5-17 y-34 4-57 

Manganese oiida f 

Lime 2 98 2'08 95 2-00 

Magnesia 1-88 1-07 0-36 I-IO 

Potassa 3-93 3 34 4-8G 4 04 

Soda 2-43 2-42 2-30 2'38 

Water 1-06 1 03 0-68 0-93 

99-60 100 06 93 80 99-80 

Here, fhan, we have a substance capable of supplying the needed silica. But 
if this alo-ie were added to the cbalge, the amount of iron would be decreased, 
and the average given by KjST and Bbadninq for the Muldutt slag (40 per cent, 
iron oxide) is already as low as it ought to be. Iron must he added in some 
form, and probably the cheapest supply could be obtidned at the iron woria ni 
the neighborhood of Freiberg. Both puddlft and reheating slag can be bad and 
in qaantity sufficient to satisfy the demands even of workn that treat 26,000— 
30,000 tons of ore a year. This material can be had by paying the espenae ot 
removal, which, from Camgdorf. would be, deliycred at Freiberg, about SI a ton. 
There are other works nearer Freiberg, from which lie same slag could probably 
be obtained at less co.'it. 

At present a large amount of slag from the same operation is smelted itith the 
ore. It yields nothmg, for it leaves the fiirnaoe with just as much lead an it huii 
when it entered. But it makes the fusion easier, and also regulates the run by 
diluting any impurity in the ore-as an eiooptioual amount of zinc oxide. II 
this charge of slag were entirely or partially replaced by a proper iimount of the 
gneiss and the iron slag, the composition of the charge could be regnbted at 
will and without increasing the amount of material treated Let us see what the 
proper proportion would be. 

The mean composition of the reheating and puddle slag may be taken, in the 
absence of analyses, at 60 iron oxide aud 40 silica. Assuming that it is desired 
to make a lead slag containing 38 silica and 45 iron oxide, the amount of the two 
flnies necessary to transform 100 parts of the present Muldner slag mto a slag ftf 
the new compasiljon is the following : 
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Jduldner Ets,g. Gneiss, Iron sing. 

100 pHita. 20 parts. 86 parts. Total. 

Silica 31 I* 31 79 

Iron oxide 41 1 51 gj 

Other bases W 6 33 

20S 
ThsHo melted t<^ethec woald ^t6 a slag containing, in round numbers, silica 
33' 5, iron oxide 45-3 and other bases IB'l! per cent. According to Kast ana 
ItniioNiNO, 100 parts of ore and matte in the lead process yield about 25 lead and 
23 matte. The slag must theiafore amount to about 50 per cont. of the ore and 
matte in the charge. Caloulaling the amount of tbs proposed floies to be add^d 
to 100 parts of lead ore. roaetcd pyrites and matte, as usually charged at tha 
MuMner works, we hare the following quantaties required ; 

New charge. Olf? charge. 

Muldnerore, eto 100 100 

Gneiss 10 

Reheat, and pud. slag 43 

Slag from same operation 10 60— 75 

In this estimate, which is not meant to be exact, no account has been faben ot 
the basic flnx^— limestone and fluor spar — now added to the charge, and which, 
of course, would be useless in the new charge. The removal of fheae would de- 
erease to some extent the amount of gneiss required. 

It is well known that the fusion of mw fluses costs more fuel and requires a 
liigber temperature thim that of flnies which have already been melted. But in 
the proposed charge the am' unt of gneiss is loo small (7 per cent, of the whole 
charge, or 1 ss) to alter the present conditions of the furnace materially. It ia 
ijuite probable, in fact, that the redurtion of the zinc oxide in the slag by one- 
third, and (be production of a more fusible slag, would fully neutralize the dis- 
advantage of smelting down the amall quantity of niw flux required. 

One of the greatest difBcuIties met witli at Freiberg is the amouat of zinS 
present in the charge. Care hns to be taten to manage the previous roastii^, 
and the composition of the shlif fninnce chai^, so th«t only a part of the zino 
shall pass iuio Ihe slag and part into thematle. When the amount of aine orida 
in right Uie old slag repassed has no effect upoa it, for it contains jnst as mnch 
of the zinc oxide m^ the charge has. But the addition of fresh material would be 
of great ai5Tiiniage, for it would take up its share of the zinc and fhus Jower the 
percentage in the whole amount of slag. If the slag from 100 ore, without gneiss 
and iron slag, conlaina 10 per cent, of zino oxide, that made from the same ore, 
■with an addition of 53 parts of tliose fluxes, would oonlajn only about 65 per 

A slag of this bind, formed according to the principles which have been prorrd 
in numberless works, and containing a not exceesiye amount of zinc, ought to bo 
mflicienlly poor in lead, to be at once thrown away. In [iroof of this, and lui aa 
indication of what results spring from comparatively slight changes in the cum- 
poHition of slags. I will cite again the analyses of tLe lead slag from the fivst 
matte fusion, ns it is thrown away, at the Mulduer and Halsbrjjcke works : 
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Silica 2J 7 34,1 
Zmcoxiiie 8 5 1-6 

Le id ojj e 2 5 !■(} 

talker OO'j 0-0015 

■Lead oiide in preTious ore fVn; E 7 137 

The Hn,'sbrlio! e tlig it will be obhsrved his about ths ooniposition of tha 
ideal siag proposed nbov*. 

The Freiberg mefcilinrgiats may have some ocnult reason for smelting their ore 
twice over. It is not to bo supposed that witli such eicellent materials for flax 
about them they haye eousidei-ed thomseives force's to the course they Lava 
tjilien. But irhat those reasons are no traveller has yet discovered. The Frei- 
berg works are a Bpl™did example of the success with which the products of a 
large niining district may be treated in one or two worts ; and the explanation 
of the faulty lead process haa usu,illy been sought for in the divereity ivnd difS- 
culty of the ores eubjeoted to it That, however, aa before remarked, cannot bo 
the ORse, and it is to be hoped that among the valuable tretitses on metallurgy 
which ocaaaionally come from the great mining town of Sairony, there will some 
day be one which will let the outer world into the sei^ret of the pceseiit syjtom. 
At present Freiberg may fairly be said to be pursuing one path and the rest of 
the world another. The reasons tor a coursa bo Kingular must lie either in gen- 
eral .principles or in special conditions of the phice ; if the former, it might aid 
the cause of mining in the world to know what these prinoiples are. 



The Lead and Silver Works of the Hartz 
Mountains. 

The mining region of the Harla mountiiiris' is second in imporlanco to that of 
Saiony alone. Indeed, if the Mansfield copper mines ore added to the silver, lead 
and copper mines of the Upper Hartz we have a district which is in every respeot 
— extent, value of product, number of workmen and intelligent methods of work— 
the eqnal of any other similar region in the world. The subject of the preseut 
paper ia the smelting operations at OlHusthal.Lantenthal and Altenau, Informer 
times the " Upper Harte" was a name given to the works at Clausthal, Lanten- 
thal, Altenauand Andreasberg, eachofwhichhad a oompletelyfumishedEmelting 
estttblisbmeut where argentiferous lead ores could be resolved into werohantabla 
lead, silver and copper. When the district psssed into the hands of the Prnssians 
in consequence of (he war of 18G6, changes were made which placed the region 
very much higher than it had ever been in the so la of importance. The mines 

• Changes have followed each other so rapidly in the Harta that almoflt 6vei7 year 
has biotlsht ont some new procesa or important modification of eld methods.' The 
above notes, therefore, tliongh biacfl on personal observstion, have been mainly dravm 
&om the writings of Koch, Weddiko and EE-fiOKinO and KoaMiinRN. VtUb the 
exception of Dr. Wedddio all of these gentlemen are actively ei^a^ed in the ivorka 
they iiave deaoribed. 
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82 CIAtJKTHAL. 

were worked more viyoronsly. and plans wora luid oat for incref.smg fha nmonnt 
of ore tre!Ltecl to 400,^00 oentnais or 20,Wl> tous (of 2,000 Il>3.) pev yerir. The 
work of tie Bevflral tBtoblishmenta was redistvibutod, nnd fimdamental chimges 
were matle in nearly every branch of flie treatment. Clauatijal was made an 
oRtablishmeot ehieffly for tlie tre,iim nt of the or", Lautanlhal for the separa- 
tion o the Biiver from the rich lefta,audAltenan for the copper process. AndriM 
berg alone on account of the peoaliarly rich arsenioal ores found there, retained 
it^ old works, fiending, however, all its copper matte to Altenau. -WHle these 
chaises were ui oontwnplalion the introdactlon, first of the Kaehette, and then 
of the Kast farnaoe, compelled Bome deliy in oldev to sSudy the performance of 
the new apparatus, and though yenrs have pai:sed, the alterations ate haidly yet 
fully oarred out. 

THE WORKS AT CLAUSTHAL. 
Krst in the sei-ies comes ChvuBthal where the ore ia ton down to metolUc lead 
and copper matte. The pi^oo^s in use is one which was invented at Clansthal, 
and which tho"sh often derided, has probably had mo^e influence upon the 
smelting of galena ores throughout Uie world than any other. It is tlie method 
kuownas precipilaUon. Galena, which is the main constituent of the 1 artz 
ores consists of lead and sulphur. In ^ the worts hitherto described in these 
nolM the siilphor has hem removed chiefly by combining it with oxygen- 
roasUng. At Clausthd iron is used instead of oxygen. At first the metal was 
used direct, but it was afterwards found that a silicate rich in iron oside served 
not only as well but bettor than the met.l itself, and inasmuch as there were 
hrre stores of such silicate contnimug m^U ..mounts of copper and silver which 
codd be had for the mere cost ol tiunsporiation, the discovery was one ot great 
imp.^tance. Finally another mo,lifleation w made which now lorms the 
eiistins mode of treatment . , , , , 

o.. oi to t„nd»mi.i air..»- 1»""" o» ""■"•' °' "'i*" "J "i'"'" 

-,d by iion i, Ihit in th. temn t.»o th, piodu* i. voktlla md ]».»• amabl J 

"lo/omhma.-" »>* "l^" '» '■''= ■""" '* "*"°"* °"f T!" .? 
«» MBSlbl. to ...too. . m.tB oo.Wnl.s nottms bat .rou and ...Ipta. II.™ 

™U b. .b.otat,lr no ta,»b.ok to lb. p«clpitatlon u . p.oo~ foi pnr. tod 

om tat fb. n»lto could be ttromawaj anJ Ibo su'pbm Ikm rmoYOd Imm tb. 

p»c». Brt.m.lt.pMa~«<lbj«™ll»gl»So>" .l,.j.»ato.l».d .nd 

I ,avK md oopp.r ™ lJ.o pi«.nt flia« mst,l. .Iw.J. p»m mlo II. 0..11. m 

JiU »noi»t to ».u. .b=« .*...ii.n » »'.-»■ ™» «"• ■"'■'■••"- 

;„=&■; 1. tie .«. a,™,Bbo„t A..o,ld. Tb«»»no,«b.i™. „»»1. to 
b.m,t.llo»,..bi.hmUt.k.Ho rfphb, to« tl. non m th. ""to .to 
,„„ b., b>l». it from to l»d m lb. ore, .».pl on,-lb.t ,. o,»g.n-.oa m.ll.^ 
re .Terywbwe torurt.d. The owdatloo of tb. sulptoix is noeoiiipmied 
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its that the matte wlU contnin the copper is by no mcfliui an e\U. 



the oxidised iron in the form of a slag. This treata.ent of the mi.tle iB 
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sepnittte his copper from tlie lead. Tha whole treatment of sulphides oontiiiiiinsj 
copper is based upon the chemical fact that copper and sulphur will in aU eaaea' 
nnita in the furnace, provided the amount of sulphur preeent is not sufficient for 
both the iron and the copper ; iha former can be removed by tha addition of 
quartE, a slag being the result. This action la so certain that the mebvllurgist, 
who has a copper matta which has been roasted "dead," that is, has had all the 
sulphur removed and the copper and iron completely transformed to oxides, would 
have no hesitation in chaining if in a furnace with an iron pyrites containing 
only quartz, iron and sulphur, and no copper at oil. The result in all oases is 
tiat the copper unites with the sulphvur and the quactj! with the iron oxide. 

In the Hattz, the treatment of ore and mutta forma ona operation. Instead of 
melting the ore with a slag rich in iron, to remove the sulphur, and melting the 
roastad matte with another slag A^h in silica, to remove the iron oside, th^y 
combine tha two processes and melt the ore and tha roasted matte together. As 
the ore contains both quarts and sulphur the oxidized iron passes partly into 
the slag with ona aud partly into a new matte with the other. The mutte, 
therefore, makes a continuous round, being roasted and rensmelted with Uie ore 
five or six times. 

It is esay to see that this is really no more nor less than b roasting proccas, 
though the roasting is transfeiTed from the ore to a matte. There are two ad- 
vantages to be obtained ftom this treatment. One is the less bulk of the matta 
to be roasted, amounting to not more than half, or at most, two-thirds tha ore. 
The other is that the sulphides of iron are in all oases mach easier and che.per 
to roast than the sulphides of lead. They contain more sulphur, require less 
fuel, and present less hability to sintering and imperfect roasting. Other im- 
portant advantages axe, first, that the lead and silver hartng been mostly re- 
moved, the loss from volatilization is much less, and, second, that the sulphur in 
the matte can be utilized by making sulphuric aoid from it, whiio the ore ia 
useless for that purpose baoause it contains so little sulphur. 

The ore treated at Clausthal had, according to Koch (1869^, the foUowing 
composition : 

71,676 per cent lead sulphide or 62,07 lead. 



6.9is 


do 


copper sulphide 0,75 coj^er. 




do 


zinc sulphide. 


6.537 


do 


antimony sulphide. 


1.410 


do 


iron sulphide. 


0.113 


do 


silver sulphide or 0. 003 s.Ucx. 


4.139 


do 


iron carbonate. 


0.150 


do 


alumina 


2.380 


do 




1,460 


do 


baryta sulphata. 


0.075 


do 




15.235 


do 


silica. 



This is a mixture of ores obtained fl^m a great numlifir of mines, and flia 
occasional preponderance of ore from some one mine will sometimes a'ier Uia 
composition of the charges smelted for a few days. The usual composition 
of the chaise, as at first established, amy, however, ba ascertained from 
the following quantities which were smelted during the months of July, 
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Anguat, end --eptemb r 18Gf The q n 65 nte 1 Tindr S v !gbi3 ot 
ilO English 1 oimds. Th- prn, ^r ous of he rth 1 T oh 1 thorg* ire worth 
notich^, for fto Olaasth 1 w k n'f tl e Q a o pel hearth and these are 
therefore the proi ort oas n wh oh o pel bo ps are p odn ed m treaUug ft Gi 
per oeut. ore b; this method 

*^ Per ton 

Ore 33 400Dirt 100 2Xli b 

Eo«Bted mntte 17 50^ B2i 1050 

Cop er hlag 22 248 G i 133 

Sine from same operai oii56 5 12 V'ki 3 3 

Cnjelhetrth 1 H2 » ^ 

Eich htherage GM -i » 

Soraia 262 CJ li 

D*73 labor (12 hi 1 002 3 3 Eths day 

Coke 1*9S4 I -'TIS DM lb 

Charcoal »10 „( 

This ia therefore an espa^se of a three-fifths of a day's labor, and 94* ponnda of 
coke per ton of ore, The oanse of this brge eipensa of m<A is the use of bo 
ranch fltix, amounting to 984 per oent of the ore. This excessive proportion of 
flui is one of the peonliarities of the Harts. Nowhere else is it nsed m such pro- 
fusion but innumeiable attempfa to reduce it there have, without exception, 
ffliled When slag is used aa a precipitaHng material a buHiy charge is the 
necessary r<,>snlt. but even when metallis iron ■S'as the preeipit.-.tmg agent, l!il 
per c«it of hlag was added to the ore. The citn,es of this peouliatitj hare nsyjr 
lieen published, i,. . t 

Considerable changes have been made in the aboye proportions, the chief of 
which was to cut down the amount of slag from the same operation repussed, to 
75 and 70 per cent, which reduced the flux and precipitating material to 190 per 
cent, of the ore. The charge atone time was made up of 100 ore. 60 roasted 
matte 70 copper slug, and 70 lead slag, smelted with about 43 Coke. It was 
found however, that with these proportions the matte became so nch m copper 
as to part with some of that metal to thelead. The roasted matte obtained from 
ore smelted with slags alone contained 3 per cent of copper, which rose to 8 and 
eren 9 per cent by re-iu^on with ore and the lead instead of 0.3 per cent, aa 
formei-Jy, contained 0.6 to 0.7 per cent of copper. This increased the dlCBciilty 
end cost of desilyerization, and the proportion of roasted matte was ^nmnshed 
to 28 per cent, of the ore. The exact composition of the new charge I have not 
been able to obtain, but It is probably about the following : Ore 100, ro^st*d 
matte 2S, slaga 150-170. After the change the copper in the matte sanii to H 
per cent', and in the lead to 0.4 and 0.5 per cent. 
The ntoduots dur ng the aboye-mefttioned three months were 

From 100 Ora 

Lead. 21,380 cwt ^^\ 

Matte,24,263 '2§ 

The three methods of treatment su^oe^iyely nsed at OlanaLhal, have given the 
followiug results in regard to product : _ , , , „ 

Wth„M«tan, Wlftc.g»sl.g. W*~.M..to 

KS,«r.v.v.v.v.: es ra.»"8 
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The simplicity of this precip'iation method would recommend it in neatly nil 
oases wera it not for tho large iooreaso of cost which resulfs from using bo much 
flui, ftnd the proiiuction of so muoli matte. The pnoUoe of adding puddle and 
reheating cinder to load ores in the bhaft furnice, is now so common that tho 
buBinesfl of lead smelting has, in Bome regions almost beooma auxilliary to tho 
manuiaotata of iron. Dnder these eircomBtaaces it is always a question whetlicr 
the operalioa of toasting, costly in plant and in practice, cannot bo sapplantcd 
by merely increasing the proportion of iron flux and re-charging the matto 
formed. In those cases where ores pare m I ad and rich in silver, ate smelted 
for the silver they contain, and there is therefore no desire to keep the lead pure, 
it seems probable that this method would be foand decidedly advantageous. 

The lead obtained is not pure. Aaalysas of thelead and matte given by KdCH, 
are as follows ; although obtained by the former precipitation with copper sbgi 
they fiiirly represent the same products from tho present process. 

Lead. Matte. 

Antimony 0.618 0.350 

Copper 0.278 4,392 

Iron 0.003 fi5.720 

Zinc, 0.008 1,125 

Silver 0.127 0.029 

Lead 08.968 7.984 

Sulphur 29.548 

109 99.148 

The filag is maintained with groat t^ularity between a proto-and a bi-silicato. 
It is rich in iron, very poor in lead, and can bo thrown away at once. On!y a 
very small portion— that which solidifies in the fore hearth— must be te-charg«d 
on account ot grain.s of lead and matte mechanically contained in it. The fol- 
lowing is an luialyaia of this ordinary slag : 

Silica ,43.60 Magnesia 1.56 

Iron osiiie 31.68 Lead oiide 0.70 

Alumina 16 50 Silver oiide 0.000087 

Lime 6.50 

99.54087. 
The furnaces in which the ftision takes place are of two kinds, the round or 
East fumaoe, and the Kachetle. The round furnaces at ClausUiai form an 
mteriMfing series of esperimimts in tho most recent progress of lead metalluigy. 
The principles which wove introduoed into the construction of lead furnaces by 
the English in Spain, 30 years ago or more, and have been modified by Pfandeb- 
HEiDRK, PiLTZ, and ofheta, have also made their way (o Claasthal. Five round 
furnaces of various dimensions and construction ate found (here. One of tho 
psoaliarities of the Clausthal system of smelting is that the ore must bo in tho 
form of powder, and this formerly caused so much dust that from 5 to 8 per 
cent was taken from the dust chambers. This gave rise to a very unosual mode 
of building the furnaces, A row of heavy brick piers was built, and the inter- 
vening spaces arched over. On these arches was raised a hne of dost chambcra, 
which not being intended to condense volatilized lead, but merely to give the 
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fine dust opportunity to settle, ooiiW be placed iiametliati'ly over the 'htu'.ocs. 
But the result of this mode of ooQstruotion was to place a limit to the sizo of the 
fiiruaca whicli eoold be built between two of the p erJ, and ivhonthonew doctrines 
in furnnoe bnUding began to spread Mr. Kasx, dreelor at the smelting works nt 
Clauathal, had to experiment to ascertain what were the smallest diametoia that 
would prevent the dust from flying out of Ma furna,ce3. At first a furuaco 3 
feet ia diameter at Uie tuyeres and i feet at iho top was built, but the amount of 
dust was still eiceBsive. Then the diameter at the mouth yraa ineroasecl to ij 
feat, which caused a reduction of the flue dust to 2 per ceut. The slowness of 
the asoendiig current of gas in the upper part of the flirnaoa also affects wry 
&voiubly the utilization of the cok , and the amount of material run through in 
a d.iy. The following fable gives a. coaiparison of thefour round furnaces ftith 
a Eachette. All of the round furnaces have the same di.imcter at the tnyerca, 3 
f^ot and the same height, 21 feet. Iha diameter of the Eaohctte at the tnyores 
i3 also 3 feet 

Diameter at CoLe per 100 o. 
m uth 

No 1 4ft. Sin. 43.39 2.8 per cent. 73.2 hours. 

Ivo 2 4ft Sin. 41.85 S.S " 71.8 " 

No 3 5fL Oin. 41.74 1.7 ' 71.3 " 

No 4 5tt 3m 41.C2 1.1 " G',1.2 " 

EachBttt 4ft 9m 44.3 1 " 93.2 " 

The round furnaces, called also Kast farnacos, af.ei- the Director of tlie wori;a, 
do not differ from the general type of modern load furnaces, except that, being 
built between piers of masonry, they are not approaeliabia on all sides. They 
are made with fore hearth, over the dam of which the slag rung without cessation. 
The number of tuyeres ranges from i to 7. 

Like BO many lead furnaces ia Europe, ihese are built of ordinary red bricli, 
only a few fire brick being placed around the tuyeres, and these nia in fact often 
omitted. These fumacoa have made an uninterrupted campaign of 2 or 3 yearn, 
a result which is due lo the accuracy with which the eorapositiou of the slag is 
calculated and maintained. The ore and flus are spread out in layers upon wich 
other on the floor at the furnace mouth, and charged equally over the whole 
surface of the lumace, the coke being apread out in the same way. 'J he prossuro 
ot air is 10 to 12 lines of mercnry. 
p^urea 12 to H ^vo sections of the East furnaces The diinensious of one are 
Htight 20 1 

Dia netci at mouth Sit. 

Do at tuyere 3 t 

Bo at sole 2ft. 4in. 

Nambor of tu\ eras 4 

Frei^ura of blast 11 — 141ine3 of mercury. 

They ore open at the month havir^ no hopper nor cylinder. The ore and 
coke are spread evenly over the surface the ore being thrown from wooden 
troughs, and tho coke from flat biskpts The chirg_s for 24 hours are always 
made up in the morning oo that at night nothmg bnt tipping the furnace and 
throwing the sl^ off the s'aj, run lak"a plica All furaaces at ClausthiJ have a 
fore hearth, over the edge of which tho slag runs, passing down onarrow inclined 
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bani made of brasque. It solidifies ou this, and is thrown to one side by the 
■workman who wields a two-p rouged foi't. The lead is not tapped f om tlie body of 
the lurnaoe, but from tlie front hearib where it collects. This front lieaitli ia 
formed inside of an iron box projecting from tlie furnace, and in the side of this 
box is the tnp. 

In addition to these East fnrnaoes Clauathal possesses a Piltz of the safoa 
pattern as those at Freibui^, but w th some judicious alteration'' in the method 
of suspeaeion. It is octagonal, 34 feet high, 4fl. 8in. diameter at the tuyeres, and 
6ft, Sin. at the mouth. The 8 water tuyeres are 15 inches above the slag sijouts, 
Itwasattempted to run this furnace wilba closed hearth, but outside modifications 
do not seem to succeed in the Harta, and it was lound impossible to produce a 
fusible skg. The ttonace was accordingly narrowed to 4ft, 2-n. at the tuyeres, 
and fitted with a front hearth. It is now in euceessful operation. 

The Eachette fni'naeea were for a long time the best that Clausthol posseKsed, but 
they seem to offer no advantBges over the round furnaces, while they ate not 
only more costly to build, but also are subject lo a patent right. Their form i« 




TO 



Sssss*- 



shown in figncaa IE lo 18. Figure 15 shows a vertical section of the furnace 
through the longer axis ; fig. 16 is a horizontal section, though the tuyeres, fig. 
n, shows the tuyeres in place, and fig. 18 gives a horizontul section and end view 
of a tuyere. 

The Eachette furnace is a construction designed to obtain great capacity, with- 
out making the diameter greater than twice the throw of the blast. To that end 
it is made reotangular, and long and narrow. Tuyeres are placed on each of the 
long sides, and throw their air through the furnace in its narrowest direction; 
and the form of the fiimaoe ia such that any number of tuyeres can be used by 
merely leugUiening the furuaoe. Usually five on a side is the number. For- 
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merly tlia ends hftil no tuyeres, but it having been observed that scaffdlda and 
5 coUeoted ouly on the ends, these have also been furnished Willi 



J^ 



Fig. US. 

tuyeres, and with good effect. There is a tap at eiich end whioh rtquircB a 
doable set of men at the bottom. The main dimenaioiiH of tiie AJtenan Bathctte 
furnaee, the first built in. the Hartz, are giyen below ; tiey bare not been mate- 
rially changed in any of the newer onea ; 

Height 19 feet 6 inches. 

^^idtil at tuyeres 2 ,, 1\ „ 

Widthattop i „ 6 „ 

LengHi... 7 ,, 4 ,, 

Distance between tuyeres 1 „ i ,, 

It is an eseeilent furnace and smelts 16,500 lb. of ore, or 44,000 lb. of chnrge 
in 24 honrs with about 5,500 lb. coke. The increased width of the throat keeps 
the loss by dnst down to a minimum, provided the iiresKure of blast does not ei- 
ceed 10 or 12 lines of mercury. 

THE WOKKS AT LAUTENTHAL. 
The lead is all desilvered at Lautenthal by the zinc and steam process, which, 
however, differs very greatly in its details from the system pursaefi at other 
works. The operations in the process are ; 

1. Fusion and treatment with ainc. 

2. Treatment of poor lead with steam, under a hood, to remove the Bine, 

3. Treatment of the poor lead with steam and admission of ;i.ir, to reoiove the 
antimony. 

4. Casting the puriGed lead. 

6. Treatment of the rich crusts, or alloy, wiHi steam, to remove the y-inc, 

6. Cupellation of ibc rich lead resulting &om 5, with addition oi the rich ox- 
ides to extract their silver. 

7. Treatonen^ of the poor osides. 

Treatment wUh Zinc. — The kettles used are old Pattinson kettles, of 5 feet 
6i inches diameter and 2 feet 10 inches depth. Each holds 27,500 lb. of lead, 
and three are worked together, forming a battery. The two outer kettles are 
charged with 271 tons (of 2,000 lb.) of lead, which is melted down in about sis 
hours; when an abivg, or load containing enough copper, iron, etc., to make its 
point of fusion higher than that of pure metal. Is taken off and cast in 
moulds. Each of the end kettles, then receives 49S ib. zinc Ihe object of 
making this first charge so email is to concentrate the gold, of which the lead 
contains a very minute proportion, in a small quantity of silver. It is a i)ecQli- 
lirity of the process that silver is not taken up eicept m a small quantify, until 
the gold and copper have been removed. The result ot this first charge is a 
crust which contains all the copper and goW, without being mnch richer in silver 
than the original work lead. In spite of this decidtd concentration, the silver 
made from this cmst contains oBly 0.12 to 0.20 per cent, of gold. Still the latter 
mot I pays tox its separation. 
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When t!ie zino charge has molteil, Hie bath is Btirred by two men at eaiili 
kettle for twenty-five minutes, the stirrer being & brond, flat and lons-baudli-'d 
iron disc, pierced with holes. The metal is then cooled until a crust of about 
li inches thickness forms on top. It is b matter ot importance to so managu the 
coohug that it sbidl take place mainly from the surliioe, in order to preyeut the 
formation of a thick crust on the bottom of (he kettle, for this ornsf would contain 
zino and silTer. To avoid this the fire ia merely covered with ashes. Thu 
top crust is thrown into the middle kettle, and when tl 
chfti^e of 258i lb. zino is made to each ontfilde i 
The stirring in, cooling down, and skimming a 
of 77 lb. Kino is then made, and the same operation gone through with. The 
time consumed in completing a change is about as follows : Drawing abzug, 30 
minutes ; melting, 1— li hoars ; totnl, 6-7 hours. The desllverization ol 27i 
tons of lead requires about thirty Lours. 

The middle kettle is now healed, the bath stirred, cooled and Ekimmed. the 
crust being a concentration of the three ornstn taken from the other two iettles. 
This is oaat in moulds. From 20 to 40 lb. of zinc are added to the bath, and the 
above operations are repeated. If necessary, a second charge of ziuo is made. 

Aooordii^ to the above the zinc charge amounts in li per cent of the lead. 
The crusts, do not contain all the zinc, but fully one.half is left in the poor 
lead The removal of this zino has been the most difficult problem in the whole 
process of desilverization, and though the poor lead can now be treated without 
difEoully, no direct and simple method of separating the zino from the tiihctusta 
has yet been found, unless the costly mode of distill&,tion is eseepted. 

Sezlneiiig the poor iedd.— The three kotUes now contain poor lead, which ia 
dezineed by blowing superheated steam at 15 lb, pressure through the bath, by 
meansof ft bent pipe, two inches in diameter, running to the bottom. Asheetiron 
hood communl Outing with a large pipe is bolted down on the kettle and the joint 
ia luted- The lead is kept at a little below cherry red, and is steamed for four 
hours to remove tie zinc, and for tflo honra mora to remove the antimony, air 
being admitted by opening the door of the hood. Inasmuch as the antimony ia 
not carried over with the rich crust, the middle kettle is steamed to remove the 
ainc alone. In this operation the temperature is a point of great importance. 
It too low, a loujier time Js required, and the amount of oxides formed ia in- 
ori-ased. If too high, the kettle* are rapidly destroyed. At the right tempera- 
ture 0-7 per cent, ot zino and 1 per cent, of antimony can be removed ia the 
time given. 

The objeot of passing the steam through the bath is to oxidize the sdno, but 
a good deal of lead is also oxidized, and the orfde first formed is fluid, but it 
graiinally boEomes powdery and "dry." The osides from the eni Uctlles aie 
yellow, but those formed in the middle kettle are greenish shonmg a prepon- 
deranoe of zino, Perfect di'yness of the oxides is a sign that all the zinc hi3 
been removed. Other tests are to oaat a small assav m a seoriher from time to 
time, until no star Ibrms in the center upon cooling The stir would inln,ata 
the pretence of antimony. The kettle ia alao left expi ed to the aur a while, 
without steam, after the osiiles have been removed If a ckat red litharge trims, 
the lead ia pure. Another test for ^ino is to take a ladl^ full, sciapi the suili e, 
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while hot, with a piece of wood, acd if the silkj nppi nrance is gnno tha nno has 
he n remoTciL When the tests show the lead lo be free from both zino and anti- 
mouy, the load is ladled into moulds, and forms the ■' Refined Hartz lead." It 
is so nearly pnra ae to contain from S9'983 to 99'9S7 per cent. lei.d. 

The deiincing of the rich crust presents more dif&oulliea. The withdrawal of 
oij'gen from the steam by the zino leaves a gaa so high'y charged with hydrogen 
as to he riolenUy eiplosive when the hot gas oomes in contact with the air. la 
dezincing the poor lead, the deoiydation of the stLam is quite imperfect^ and the 
resulting gas nerer gives alarming eiplosions. Bat the rich erasts contain 5 
or 6 per oi-nt. of zinc, and severe explosions of the gas have occurred. These 
are, however, now complete y prevented by taming steam direct into the hood 
before allowing air to enter it. 

The prodnotB now consist of: (1) refined lead ready for maitet ; (2) rch 
load containmg about H per cent, silver which is cupelled in a German hearth. 
(3) Poor osides free from antimony, and others containing antimony. The Jor- 
mer are washed ou a sleeping table which separates them into two qualities. Of 
these one consists of metallic lead and lead oside, oontainii^ about 85 per cent, 
of the metal ; it is reduced to second quaUty metal. The remainder, contoiniug 
mach zinc, is of a yellow color and is sold as paint The oxides oonlainin anti- 
mony are melted with other eimilitr products to hard lead. (4) Rich oxides. 
These are placed upon the bath ia the cupel furnace, the heat being raised to the 
highest limit Thesilvetpassesinto the lead, some lead being oxidized iu the 
exchange, A slag, consisting of zino oxide, lead oxide and metailio lead, re- 
mains aoid is drawn off. It contains about 50 ounces silver to the ton and is re* 
duced with rich litharge to metal which passes a second time through the desil- 
verization process. To have a successful imbibition, or absorption of silver by 
the luad in the cupel hearth, it is necessary to keep the rich oxides from being 
too dry. With lead, such as is produced in the Havtz— containing 38 ounces lo 
the ton— the oxides are in the right proportion when thsy form 8 to 10 per cent 
ol the desilvered lead. 

Wedding and Bbkdnnino give the following summary of the results obtained 
by this process in 1869. The German centner of 110 lb. English weight is here 
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It b oertaiuly remHTtabla Ih't the ictennediata products bHiI in irentment, 
coasistiug of hearth, seraps, litharge, abstiioh, aud impure lead obtained in li- 
quating the hwd lead, should amount to only 221 tons or 1-781 per cent, of the 
lead treated. The aeoond qtialiijlead is made from thewaahed osiilesmenfioEed 
above, tbe scraps formed in baling the first qualify metal from the kettle and 
other produela free Jrom silver. It is blown with steam to remoye the antimony 
and then cast. It^ only impurity is a small proportion of copper. The hard 
lead is obtained by smelting the otddes containing antimony, and thiB also is 
blown with hteam to remoTe the zinc and copper. Thus the steam prooeea is 
now used for the reBniug of all kinds, and by its use the numerous operations 
which made up the nldproces-i of cupelalion and refining by air hare been entirely 
superseded. 

In ladling out the refined lead, an assay weighing about J lb. U cast for every 
8 pigs (if lead. When 50(X) pigs have been cast, these assays are melted together, 
and some pounds are cast and sent to the laboratory for analysis. The first o( 
the following analyses is from the lead produced at Lautentha! in 1870 up to tho 
month of August, and represents 20,465 pigs or about 1575 tons. The other is 
fnim 1193 tone of lead n fined at Altenau, where refining was still in operation in 
that year. Each atinlysis is the mean of i mnde upon 1400 grammi's in one ease, 
and ISllO grammes JH the other. It is noteworthy that although refined at differ- 
ent and widely sepacdted establishments, and made from work lead of vrry dif- 
ferent composition in regard to impurity, the refined lead shows a, difference of 
only 4-1000 of a per cent, that from Altenan, whera the copper ore'f and matte 
are worked, showing a small excess of impurity. Thit similarity of oompoaition 
is aptoof of the method with which the operations are carried out 

Lead 99 -SaalSO 99 ■9875G0 

Clipper 01)1413 0-l)03023 

Antimony -005008 '003335 

B smnth 0-005487 0003850 

Silver 000400 000721 

Iron 0-002239 0-001229 

Ziao O'OOOSSl 0000770 

Hiiikel 0-OOOGSO 0-000707 

100- 100- 

In regard to the bismuth present in the above, it is worthy of remark that steam 
has no effeet upon this m elal, whioh remains with the li ad. This circnmstHnre, 
which has been developed only within a few years, is a matter of great impor- 
tance to works which, like Freiberg, make considerable quantities of bismnlli 
frominterme'tiate pcodueta, which would be lost were it not concentrated in 
those products. Paltineon's process effects this concentration, and this is another 
■reason why that system of concentration, now so generally rejected, should be 
retained at Freiberg. 

The purity which now distinguishes the Harz!ead has not been obtained with- 
o-ut much trouble aud study. Compared -with the lead obtained from onpel- 
lation, the Pattineou, salt-and-polmg and steam processes Lave yielded a prodnot 
which has shown an advancii^ parity. 
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THE COPPEE PROCESS AT ALTENAU. 
When tlie matte is withdrawn from the ore fusion it contains abont eight pec 
cent oopiier and seTen per cent; lead. It is roasted in a sqtiare idln, twenty 
feet higb, four feet sc[uare at tlie bottom, and EX* feet at the top. The 
mate is broliau into pieces, 1 ov IJ iaohes square. Only the upper part of 
the kiln is hot, tlie fire not sinking below 3 feet from th'i jaottth., while the re- 
mn^iiiiiig 9 feet serve as a regenerator to heat the ascending air, a process which 
of course cools the lUatte. Two doors at (he mouth are used for charging ; two 
others are placed two feet under them for the purpose of loosening the chaise, 
and finally there are two more on a level with the eole, to allow for diseharging. 
With good management of the draft the kiln burns for weeks. If too much ail 
enteis, the combustion may be suffioienfl; strong to sinter the charge together, 
or, allowed to increase still further, enough cold air to put the fire out may enter, 
The matte, whi(!h contains about 22 pet cent, of sulphur, is reduced to 13 per 
cent, by two roastiags in the kiln. The tilns are oounei'ted with snlphitrio acid 
chnmbers, and no difficulty has occurred in utilizing the sulphur of the matte 
in this way. After the second kiln roasting, the mutte is piled in a low heap 
and roasted with the addition of brush fuel to 6 per cent, sulphur. It is then 
smi-lted in low, square furnaces, about 9 feet in height, 1 foot 8 inches X ^ f^^t 
4 inches squLire at the bottom, and 2X3 feet 10 inches at the fop. The intro- 
duction of sloping sides has been found ad^'antageous. Three water tuyeres are 
placed in the back wall, the piers between which the furnaces stand, preventing 
tl.eir introduction at the sides. 

The charge consists of 100 roasted matte and about 93 slag, partly siliceous 
Blag from the ore fusion, and partly matte slag repassed. 

The products are (1) Lead eonlaining 0'19 per cent, silver and more copper, 
iron, Kinc, antimony, etc., than the metal from the ore ; (2) Copper matte, the 
composition of wht<.h is about 

Sulphur 21 6 per cent. 

Iron a"* 2 

Copper 2! 7 

L-ad. 15 ' 

Silver 057 ' 

(3) Slagcontflining2por cent, lead and 0-002 per cent silver When copper slag 
was used as a precipitating raaterutl, the mattes from this fusion contained only 
11 per oeut of copper, and required another roasting and fusion before entering 
the copper process. Now this is unnecessary. 

The treatment of the copper matte consists in enriching it by repeated roast- 
ii^ and fusion with siliceous material, to black copper containing 93 per cent 
of that metal. This is granuliited, ti'eated with hot sulphuric acid, the o pper 
sulphsite crystallized out, and the rich residues smelted to obtain their silver and 
gold. 

The copper matte is roasted in the kilns described above. Fusions lake place 
in what are called in Germany "spectacle" furnaces. They are 10 ft. 8 in. high, 
buve a section of from 18 to 36 in. X 3 ft' * "i-. and owe their name to the fast 
thai they hare two reception basins in front They have one tuyere each, nsa 
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250 cnbio feet of aii pat mioTite at a pressure of 7 to 9 linea of mflreury, and 

smelt from 9,300 to 10,000 lb. of roasted ma"- '- "■ '^ ■^'■'' "-"'-"i""" 

of the olutrge is the snme as in emeltiug lead 

alag a silioeona slag from another opei'ation ii 

Tery basic slag is produced which eats away Ijih lumoiio iy<u. du iay.^-^j »u..- ,..-^ 

campaigns do not eseeed 2i lo 30 days. Tbe roasting and fusion is repeated five 

timea, and KnnLEMiNN gives the folloiving summary of the obarges and -•~■^""'■■- 



9i hourg. The compo 
itte, except that instead of ore 
le copper process ia charged. A 
furcace wall BO rapidly that ths 
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The charge m each lusion was therefore 

Roasted mal te 100 

Siliceous slag 75 

Slag from eamfi operation 20 

and the time required for its fusion was about 38 houra. To pass 100 cwL of tlia 
first matte through the B fasions in succession requires about 51 owt. coke. 49 
hours actual smelting time, and in the 6 fusions 179 cwt. matte will be tr 
The data above g 



alOOw 



Eipensei 



i, however, only a porfion of the espetises. Counting 
XI add as follows : 
in fusion, for labor, 100 for fuel, 100 



iisting. 



45 



loving slag, " '31 

" transpor ing matte " 25 

" general expenses S7 

The enKre cost will be about iS5 per cent, of the cost of labor aud fuel c( 
sumod in the fusions. 
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Tlio slaj nst^a as Gilieeous flux hntl the following composition : 

Silica 34 -67 h^A oiide 1'07 

Alumina ^-33 Ti'on oside 48'25 

time 353 Suipliur i--^^ 

Zincoside 2-39 ^^'^^ 

The Mlowiug anaJysis of the slag from the 5th fusion is a Uv repre^^tatiou of 
the aame product from all tho operations : 

Silica 30-994 Lime.. 4'31* 

Antimony osiae 0-196 Magnesia 0363 

Ironosiae S8'6()5 Alomina 5-132 

Copperoiide 0933 - 

Leado3iide 0-021 lOl'OlS 

The preceding tables show that a certain amount oi blnck copper is mnde in 
ench fuBioB. That from the first operation is, however, small in iiim.itity and 
quite imptire, eonfah.ing a good deal of lead and silver. The totiU nu.oiiut of 
hUck copper from all the operations is 194 per cent, of the first matte. 'Ihe 
greafer part of it is ohtnined in the 2d and 3d fusions. 

The black copper iVom all the fusions is mixed with purchaBed copper contain, 
ing silver, and " blown" in arevcrberalary fiim«ce. The mixture oontnins from 
18 to 0-90 pet cent, silver and 80 to 83 per cent copper. The furnace is a 
cupel hearth of the old form. That is to say, the roof is fixed and must th<>refore 
be h^h enough to permit the workman to enter the furnace to make the hearth. 
This is formed of clay and coke screeutaga, with a border of merge!, and is near- 
ly 10 feet in diameter. In front of the furnace is a water basin in which the cop- 
per is granulated as it comes out From 50 to 53 owt. of black copper is charg- 
ed, memd in 5 hows, a -carcase" or alloy of higher fusing point than the bliick 
coppet is drawn off from the surfiiee, and air is blown upon the bath, at first in a 
feeble current but at length at the rate of 250 cubic feet a mintjte. Lead, iron, 
zinc cobalt, nickel, antimony and some copper are oxidized and, dr,iwing siiica 
from the heaith, form a slag which is drawn or run off fi-om the surface. After 
blowmg 10 or II hours the refined copper is tapped aJid granulated. It contains 
91 to 97 per cent, copper and 0-20 to 0-10 per cent, silver. The analysis of a 
black copper made in this way in 1870 was as follows : 

Iron 0-070 Copper 95-00 

Lend 2-71 Antimony 1-53 

Nickel, cobalt, Bine . . -048 Arsenic trace 

*" °* -iS 

In the Notes on Freiberg, the necessity of excluding iron from the mafte 
which was to be treated with acid, and the means used to accomplish this, were 
spoken ot It will be observed that the same result is reached at Altenau by re- 
pwifed roasting and fusions, and finally, by an oxidizing fusion of the resnlting 
black copper. 

In addition to the black copper, two products are obtained. One is the cnt- 
case drawn off from the bath immediately after fiiainn. It contains 15 to 20 per 
cent silica, 5 per cent nicliel oiide. 3i per cent, cobalt oxide, 10 to 12 per cent, 
copper oxide, and 35 to iO per cent lead oxide. The amount produced is small. 
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but when enough haa accumulated, it will he smelted with araenioal ores and 
heaij spar to produce a speiss rii^li in nickel. The other product is the very 
impure lithargB obtained by Wowing the black copper, aad oonto.iniiig5li par 
cent lead, 16 per cent copper, and 0-016 per cent silrer. It is mixed with tha 
hearth, which is saturated with the same prjdnot and smelted lo a black copper 
coutaiuing a great deal of lend and some silver, 'ihis is liquated to remove tha 
load, and then blowu like Hie ordinary black copper, fiiroiahing, however, a 
much greater proportion ot eide products. 

The foUowii^t are the detoila o( the operations in I8G3 ; 

Number of chaises 74 

Bkck copper cwL 3,2254 300 

Troducts, Grnnulatcd ropper *. " 2,201 63t 

Carcase " e3 2 

liitliarge ■' E76 30i 

Paggota 39,450 1220 

or Bituminous coal cwt. 42 

The faggots mentioned are now replaced bj bituminous coal, and experience 
shows that 1,000 faggols are equal to about 344 cwt coaL 

The granulated copper is treated with dilute sulphuric acid, by which the cop. 
par, iron, nickel, and oobalt are dissolved, leaving a residue composed of gold, 
silver and arsenic in the metallio state, lead sulphate and basic antimony sul- 
phate. The vats in which the solution is accomplished, are 4 feet high and 
3 feet 4 inches in diameter. They are lined with lead, and have a perforated 
fidse bottom 4 inches above the floor of lie vat Great care is taken in filling 
the vat, for it is important to have the mass of granules as open and porous as 
poBsible. While copper oxide dissolves readily in dilute sulphuric acid, thB 
m^tal itself requires hot concentrated aoid for its solution. At Altsnau the 
metal is oiidized by allowing the acid in the vat to ma out, the air filling 
the spacSs between the granules, which, being hot and moist with add, osidize, 
ftud the oxide is tiiken up by the succeeding charge of add. To ensure the com- 
plete access of air, the layer of copper must not be more than 40 inches thick, so 
that the vat holds about 2,2001b. It is filled' up as often as the surihce falls 10 
inches below the normal level, which occum two or three times a week. Tha 
vat is cleaned out once in eight or ten wedts. One vat sufflces to dissolve about 
93 ib. of copper per day, yielding about 3G0 lb. of vitriol 

The sulphuric acid is taken direct from the chambers, and marks 48 to 50 deg. 
B. Itis thinned to 32 deg, B.ina tank heatH3dbyateamtpl75deg.F: Tlie diluted 
aciii is thi-owii on the copper, hy means of a lead pipe fnmished with a rose, 
every half hour. The acid runs through rapidly b t 1 tim to dissolve the 
onid.B formed, and the force of its flow is sufBc t to rr 1 g the fine in- 
soluble residues. This is an impoi'tint point, f w th t th nioval of the 
refiidiios not only will the granules he covei-ed th 111 coat, bat tha 

interstice? will also be filled up, A turbid liqu d h g g f i the spout in 
the bottom of the vat is Iheiefore the sign of o g d j nt This spout 

being left open, air draws tbr'ugh the mass a oo th ui rstioes are free 
from acid, Qie draft being aided by the heat oi the cupper, derived from the acid. 



db,Google 



gg ALTENAO. 

A high tempemtnre hasteas fte operation, but is Uable to cmise BoluHon of the 
silver. The mn vata nt Altenau disohai^e into a trough 360 feet long, whero tlie 
warm Bolntiondepraits first the insoluble reBidue it has brought aloug. aod then, 
86 it cools, the copper sulphate crystalbi^ out. The trough is 38 inches i«ida 
and 7inobee deop. The mother hquor, which is still eery acid, is raised to the 
diluting taui by means of a Gifford's injector, made of load. 

The sncceeding operations are for the purification of the copper -vitnol and 
the reduction of the residue. To aceompUsh the former, the raw vitriol is die- 
solved in hot mother liquor, lie solution marking 28 deg. B. It la hllere 
through granulated lend, and then through granulated copper io remove by 
precipitation any dissolved silver, and also to retain residues that were too flue 
to set«fl in the tiongh. In li months the lead and copper have taken np 1 por 
cent, of silver, and are removed. The copper vitriol is crystnllized in vals lined 
with lead, and with strips of the sunie metal hanging in the liciiior. The vnt8 
are emptied every eJ^veu days, and the crystals dried. Their compoaiUoii js i 
"iron 0107 per cent 

Antimony. 0-0123 " 

Arsenio O00G4 " 

Hkiel OOiOG « 

SUver tiaco 

Tot.l impnrity 0300 per cent- 
Kim. disKolving vats find three re-dissoiving pans treot 2,500 ewt. ot copper 
ywurly, producing about 9,000 cwL of vitriol. Nine man are employed m 24 
hours, five by day and four by night 

The argeutifetous reaiduee are thrown into a tank, weahed, dried, and made 
up into balls with an equal quantity of Utharge. An analysis shows that they 
contain : 

Silver S. 10 Antimony 14. 33 

Gold.. O.OOi Arsenic 3.15 

Copper 7.15 Snlphnrio Acid 16.67 

L^d 34.46 

The copper is partly sulphate and partly fln-i particles which are washed dovm 
by the acid. The subsequent treatment cousiafa in smelting the misefl litharge 
and residue in a shaft furnace (md cupelling the metal. Care is taken to tre^it 
all the products by themselvts, tm they are very rich in silver. The details of 
the foregoiDg operations are 

I.— VlTBlOI. MAHTFiCTUEE. 

Granulated copper treated owt. 2305 100 

Copper vitriol produced " 8239 3S7i 

Eawvitriol " Si*^ J; 

Areentjferoos reeidues (one-half litharge) . . " 3ii 14S 

Sulphuric acidoonBnmed,50-60deg.B.... " 4373 mi 
Coal. 
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n.~SMELTniO IHB EESISrBS. 

ewL 342 100 

Litharge and heartb " S71i 1974 

Iron "7 2 

Siliceous slag " 508 liSi 

Basioslng ■' 373 J08i 

ProduotsiKioh worklead '.,. " 481 U03 

Kioh copper matta " 49 ]4i 

Slag " 1347 39i 

Ooke ■' i90 84| 

Thitly oirt. reEidaes were smelted in 2f{1iaura. 

III. — CCPBLLATION. 

Charge: Work lead ewt. 63G 100 

Products: Auriferons siWer lb. 424 I ,„., 

Ordinai-y silver " ISO i ^"°* 

Abatiich cwt 114 2Ii 

Litharge '• 339 634 

Hearth " 143 27^ 

Fuel ; Faggots 2S63 495 

It will bo observed that while 100 parte pure copper shonid yield 393-37 parts 
vitriol, the product from the impure copper used was 357-39 parts of mercliBnIa. 
ble vitriol, and 17 parts retained by the intermediate products, a total of 374-29, 
or about 95 per cent. Nor does the use of sulphuric acid correspond with the 
theoretical requirementB, being 189-65 nstead of 1S4'57, as required. The dif- 
ference is due to the fact that the acid nsed is really below 66 deg., and that tho 
intermediate solutions hold a considerable amount of acid, not accounted for. 

Labor averages 54 centsa day, aud the coal, which is of good q^uality and beara 
a high charf,e tor transportation oostt, about £4.80 per ton (2240 lb.), and cokat 
$6. Under these conditions the itema in the manufacture of vitriol bore tba 
following proportiona 

OF 



Coal 20 — 

Coke 34i 

■\\ood 17 

Genera Eipeches 9 

100 100 

The cost of treating 100 cwt of 40 per cent copper matte was, in 1869, 801 
thalers 7i sgr., or (thal6r=72 cents gold) $21S.90. While this is apparently 
high, it is to be remembered that much of it is due to the acid employed, which, 
however, does not go to waste, hut is sold as a part of the finished product. 
Compared wiih the old liquation process, the present system estracts about eight 
per cent more silver, and ia in every respect superior. 

■rhe results of the treatment described above are very remarkable in respect to 

the percentage of the different metals obtaiiied from the ore. Eoch gave tho 

production by the "oomlDin©d"prooeasor fusion of roasted matte wilh the ore a£. 

Silver, 103-5 per cent, of assayed value of ore, 

Letid, 100-8 " 

Copper, 100 '3 " " " 
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Thua ths BmeltiBg operfttiona gaTs moie metal than the assay calla for, a cir- 
curDBtance ttat is, of course, due to the fact that losses take place in makiDg tbe 
Bssay -whioli are not accounted for. Webdihq A BuMUNNniQ found that by the 
desilverization process aow in use the amount of silver extracted is 2 '372 per 
cant, more than the aasay shows tn be present in tbe lead. If, however, the sil- 
ver absorbed by the cupel ia allowed for at 3 per cent, there would be a real loss 
nf 0'628 per cent, of silver. Similar corrections would make still larger differences 
between the apparent and the real extraction of the other metals. But the Hatfcs 
process is, nevertheless, remarkable for the cloaeneas with which it works to the 
assay. The exact loss is not known, but it is hsa than i per cent, of lead, and 
probably less than 1 per cent, silver. These results are especially significant 
from the fact that the Harts wortai treat unroasted ore, and they sustain the view 
of pLiTTSEB, who looked upon the process of roasting as one decidedly wasteful 
of meta!, by volatilization. Another cause of the small loss is the persistence 
with which intermediate products of only moderate richness are reduced to metol 
and again doailvered, a method which would dot always pay in America. 
.But the close extraction of meial is not the only proof of good work in tbe 
Hni'tz. The directors ot the various smelting worts there are the first to solve 
the problem of utiliEing the sulphur in galena for the manufacture of acid. 
Vure galena contains only about 13 per cent of sulphur, a quantity too small to 
be utihzed with profit. It is only by concentrating this element in a mfttte that 
it can be made to give sufficiently concentrated fumes for oxidation in the lead 
chambers. But this matte usually contains so much load that it sinters at a low 
teat, a difficulty that has heretofore barred the way to its use in kilna, as a sourco 
of acid. The introduction of the precipitation by slag tawght the Clausthal 
metallurgists that it is possible to make a matte poor in lead from lead ores. It 
seems to be probable that precipitation is more thoroughly performed when the 
ore trickles through a bath of slag rich in iron than when it is brought in contact 
Trith metallic iron, even when the heat is sufficient to melt the latter. The intro- 
duction of precipitation by slag increased the amount of matte prodcicod, but it 
decreased its percentage ot lead from 40 to 7 or 10 per cent., and the latter limits 
have been retained in the matte from ihe combined fusion of ore and matte. In 
addition to the metals they contain, the Eariz ores, which are true galenas, are 
now made to yield a part of their sulphur as aoid. 

I have found It impossible to obtain any trustworthy calculations of the cost of 
the above treatment. The (oUowing is probably not very far from the truth, ra- 
ther under than over. The calculation is made on one European ton, 1000 k= 

Oreandleadmatt»fusions, 22001b. ore S7.82 

Treatment of copper matte, 1101b S.tiO 

Treatment of lead matte, 1227 lb 3. 70 

$13-18 (coin) 
The products are about as follows, allowing the prodaction of copper to form 
1 per cent, of the ore: 

Lead 1210 lb., or a loss of about li per cent 

Sulphate of copper, 78J lb. 

Silver a lb.; loss supposed to be about j oz. 

Skilled labor costs in the Hartz from 48 to 54 centa coin, and ordinary labor. 
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wy from 3G to « cents. Coke costs $6.70 p«r ton; Boftcoal, $tSO;a "sohoct," 
or 60 faggots of wood (equal to 235 lb. Hoft coal in use), 96 oenta; and the cop- 
per ekg used as a floi in the ore fusion ie brought from Oker at a cost of 96 eeuts 

THE OPERiTlONS IS 1871. 

Doctor Weddino contributes every year to the Preussisofte ZtUschr^ finr 
Berg, Hiillen vnd Salhten Wesin, which is the official mining journal of the 
Prasaian Govemmont, an account of the current expenmenta and improvementa 
iiL the smelting worts of that Government, His report of the progress made 
during 1871 gives so much relating to the Hartz, that I take from it the follow- 
ing details: 

The mines of the Upper Hartz yielded in 1871: 154,622 tons (2204 lb.) of or^ 
■which by concentration was reduced to 13,516 tons of smelling ore, having a 
composition similar to that given above. The smelting ore, therefore, formed 
8-7 per cent of tlie mine ore, and the latter, as it was hoisted from the mine, 
must have averaged about as follows: Lead, 5 -i per cent ; Copper, 0-065 par cent j 
Silver, 0-0085 per cenl^, or 3i oz. to the ton. During that year the smelting 
works treated 13,9tl tons of home and 497 tons of foreign ore, and produced" 
7,930 tons lend, 47i tons litharge, 41-58 lb. gold, and 37,533 lb. silver. Of this 
ore, 9,150 tons were smelted at Clausthal, seven furnaces being used for the first 
fusion. Five of them were round furnaces, of the Kaet and Piltz pattern, three 
having 4 tuyeres, one 5, and oue 8 tuyeres. Two RiCBETiB furnaces, each with 
12 tuyeres, were also in operation. 

Iha chaise consisted of 100 ore, . 

" " 51 roasted matte, 

" " 67 copper slag, 

" " 43 matte slag, 

" " 47 slag from the same operation, 

308— 

13 scraps, 
1 flue dust^ 
0-6 lead scrap* 
3-7 

310-7 
The fnel, including the small cofee nsed fn making the '^estUbbe," which forms 
the fore hearth, and also that used to warm the furnaces, amounted to 
45-17 coke, 
2-S5 charcoal, 

47-72 

or 15i per cent, of the total charge, and 47 j per cent, of the ore. 
The products were: 

68-77 wok lead, 
76-119 matte. 

124-86 

If tJie amount of matte charged is dednoted from that produced, only 25 pei 
cent, remains, which is a very much smaller proportion than that obtained in 
any former modification of the Clausthal process. In woiking the 8-tuyered fur- 
nace, which at first had a crucible of 4 ft. 8 in. diameter, it was found impossibia 
to blow to the crnter of the charge, where a pillar of unsmelted material always 
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remained. By shoving Ihe tnypraa toward the ceater nntil the diameter of tba 
working hearih was reduced to 1 meter, or 3 ft. 4 in., iliis difEotilty was remoTed, 
and thiB hftB, therefore, been fixed upon ss the standard of a new Piltz, which 
will have but 4 tuyeres. The other round furnaces do very good work, tunnii^ 
through 20 tons ol churge (6-7 tons ore) in 24 hours. 

At Altenau, 202-6 tons of black copper were treaffid, producing 288,700 lb. 
copper, S22-56 lb. silver, and 4,275 tpns of Bulphuric acid. 

From the four establishments at ClaiiEthal, Lautenthal, Altenau and Andreas- 
berg, there were produced in 1871 the following amouuta: 
43'6Sib. gold, 
87,B23'0 IK silver, 
7,9a9'4 tons lead, 
47'5 " lithai^e, 
G02'a " refined copper, 
E,132'0 " copper vitriol, 
427-5 " Bulphuiio acid, 
22'S " lead painb 
This had ft value of $1,407,905. 
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SCIENTIFIC BOOKS 

PUBLISHED BY 

D. Van Nosteand, 

23 Murray Street & 27 Warren Street, 
NEW YORK. 

"Weisbacli's Mechanics. 

JVejp and Mcvised Edition. 

8yo. Cioth- $10.00. 
A MANUAL OF THE MECnANlCS OF ENOINEEIUNG, 
and of the Ooastruution of Machines. 'By Joutrs Wbisbacii, Ph. 
D. Translated from tho fourth augmented and improved Ger- 
man edition, by Ecklst B. Coxk, A.M., Mining Engineer. Vol. 
I.— Theoretical Mechaniea. 1,100 pages, and 902 ^vood-cut 
illustrations. 

Abstract op Contents. — Introduction to the Calculus — The GSeneral 
Principles of Mechanics — Phoronomics, or the Purely Kathematical Theory 
of Motion — Mochanioa, or the General Physical Theory of Motion --Statics of 
Rigid Bodies— The Application of Statioa to Elaaticity and Streugti^Dynam. 
ics of Eigid Bodies » Statics of !Fluids— Dynamics of Fluids — The Theory 
of Oscillation, etc. 

" The present edition is an entirely new work, greatly extended and very 
much improved. It forms a text-hook which must find its way into the hands, 
not only of every student, bat of every engineer who desires to refresh his mem- 
ory or acquire clear ideas on doubtful points.'' — Mativfactarer and Builder. 

" "Wa hope tho day is not far distant when a thorough courao of study and 
education as such shall be demanded of the practising' engineer, and with this 
view we are glad to welcome this translation to our tongue and shores of one 
of the most able of the educators of Europe." — ~ ' 
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2 SCJEJVTIFIC BOOKS PJJBTdSHED BY 

Francis' Lowell Hydraulics. 

Thi-rrl Edition. 

4to, Cloth. $15.00. 
LOWELL IITDEAULIO EXPEEIMENT8 — being a Seleo- 
tiosL fitim Lxperimonts on Hjdraulio Mokira, on tile I'low of 
Water over Weirs, and in Open Canala of Uniform Eoctangular 
Seetioii, made at Lowell, Mass. By J. B. Feahcis, Civil Engineer. 
Third edition, revised and enlai^od, including many New Ex- 
periments on Giauging Water in Open Oanala, and on tlie Flow 
through Submerged Orifices and Divei^ing Tubos. With 23 
copperplates, beautifully engraved, and about 100 new pages of 
text. 

The work is divided into parts. Part I., on liydranlic motors, inclndea 
ninety-two experiments on an. improved roumeyron Tvirbine Water-Wbeel, 
of about two hundred horse-power, with rules and tables for the construction 
of similar motors ; tkirte«ii experiments on a, model of a centre-vent water- 
wheel of the most Mmple €le8ig:n, and thirty-nine experiments on a centre-Tent 
wster-whoel of about two hundred and thirty horse-power. 

Part II. includes sereoty-fom' oiperiments mado for the purpose of deter- 
mining- the form of the formula, for computing the flow of water over weirs; 
nine eipcrimcnta on the effect of back-water on the flow over weirs; eighty- 
eight osperiments made for the purpose of determining the formula for com- 
puting the flow over weira of regTilar or standard forms, with several tablei 
of comparisons of the new formula with the results obtained by former esperi- 
mentera; five experiments on the flow over a dam iri which the crest was of the 
same form as that built by the Essex Company across the Merrimack River at 
Lawrence, Maasaohusetts ; twenty-one experiments on the effect of observii^ 
the depths of watar on a weir at different distances from the weir; an exten- 
Mve sories of experimenta made for the purpose of determining rules for 
gauging streams of water in open canals, with tables for facilitating the same ; 
and ono hundred and one oiperiments on the discharge of water through sub- 
merged orifices and diverging tubes, the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 tha proprietors of the Loclia and CanaU on Kerrimack Biver con- 
sented to the publication of the first edition of this work, which contained a 
selection of the moat important hydraulic experiments Hiade at Ijowell up to 
that time. In this edition the principal hydraulic experiments made there, 
BubBequent to 1855, have beim added, including the important series above 
mentioned, for determining rules for the gauging the flow of water in open 
canals, and the interestiug aeries on the flow through a submerged Venturi's 
tube, in which a larger flow waa obtained than any wo find recorded. 
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Francis on Oast-Iron Pillars. 

8to. Cloth. $3.00. 
ON THE STEENGTH OF CAST-IEON PILLAES, with Tables 
for the use of Eagineers, Architects, and Builders- By James B. 
Feancis, Civil Eagiaeor. 



Merrill's Iron Truss Bridges. 

Second Edition. 

4to. ClatL. $5.00. 
lEON TEUSS BEIDGES FOE EAILB0AD8. The Method of 
Calculating Strains ia Trusses, with a careful comparisoa of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William E. Merrill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of illustra- 
tions. 

" The work before as is an attempt to give a basis for sound refona in this 
feature of railroad engineering, by throwing ' additional light upon the 
method of calculiting the maiima strains that can come npon any part of a 
bridge truss, and upon the manner of proportioning each part, so that it shall 
be as strong relatiTely to its own strains as any other part, and so that the 
entire bridge may be strong enough to sustain seToral times aa groat strains 
as the greatest that can oomo upon it in actual use.' ". — Scientific American. 

" The author haa presented hia views in a clear and intelligent manner, and 
the ingenuity displayed in coloring the figures so as to present certain facts 
to the eye forms no inappreciable part of the merits of the work. The reduc- 
tion of the ' formulai for obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' will be very acceptable to those who 
have occasion hereafter to make investigations involving these conditions. As 
a whole, the work has been well done." — Bailroad C/asetie, Chicago. 



number's Strains in G-irders. 

!8mo. Cloth. $3.50. 
A HANDY BOOE FOE THE CALCULATION OF STRAINS 
IN GIEDEE8 and Similar Stmeturea, and their Strength, con- 
sisting of Formulas and Corresponding Diagrams, with numerous 
details for practical application. By William HnuBHR. Fully 
iUustratod. 
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Shreve on Bridges and Roofs. 

8vo, 87 wood-out illustrations. Cloth, #S.O0. 

A TREATISE ON THE STRENG-TII OF BRIDGES AND 
ROOFS — ooinprising the determiuation of Algebraic formulas 
for Strains in Horizontal, Inclined or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, from fixed and moving 
loads, with practical applications and examples, for the use of 
Students and Engineers. By Samuei, H, Shiieve, A.M., Ciyil 
Engineer. 

Tho rules for the detetroination of atruins given in this work, in the shape 
of formulas, are deduced from a few well-known mechanical lawa, and are nut 
based upon asaumed conditions; the processes are given and applications 
made of the results, so that it is sqnally valuable as a text-book for the 
Student and as a manual for the Practical Engineer. Among the eiamplea 
are the Greithausen Bridge, the Kuilembei^ Bridge, a bridge of tho Saltash 
tj-pe, and many other compound trusses, -whose atrains are calculatad by 
methods which aro not only free from the use of the higher mathematics, but 
are aa simple and aecurate, and as readily applied, as those which are used in 
proportioning a Warren Girder or other simple trues. 



The Kansas City Bridge. 

4to. Cloth. $S.OO 
WITH AN ACCOUNT OF THE REGIMEN OF THE MIS- 
SOURI RIVER, and a description of the Methods used for 
Founding in that River. By 0. Chanctk, Chief Engineer, and 
Geoeob Mohison, Assistant Enginear. Illustrated with five 
lithographic views and twelve plates of plana. 



lUvMrations. 



Views.— View of the Kansas Cily 
Bridge, August 'i, 1869. Lowering 
Caiaaon No. 1 into position. Caisson 
for Pier No. 4 brought into poaition. 
View of Poundtttion Works, Pier No. 
4. Pier No. 1. 

Plates. — I. Map ahowii^ looation 
of Bridge. U. Water Record— Cross 
Section of River— Profile of Orosaing 

— Pontoon Protection. III. Water ->. ^ ^.^ ^^^ „^,^.^. ^^. 
Deadeaer— Caisson No. 3— Pound* ] XII. Strain Diagrams, 



tion Works, Pier No. 3. IV. Founda- 
tion Works, Pier No. 4. V. Founda- 
tion Works, Pier No. 4, VI. Caiason 
No. 5— Sheet Piling at Pier No. 5— 
Details of Dredges— Pile Shoe— Beton 
Box. Vir. Masonry— Draw Proten- 
tion— False Works betweon Piers 3 
and 4. VIII. Floating Derricks. 
IX. Gensral Elevation — 170 foct span. 
" feet span. XL Plana of Draw. 
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Clarke's Qxiincy Bridge. 

4to. Cloth. $7.50. 

DESOEIPTION OF THE IKON RAILWAY Bridge across the 
Mississippi Eivor at Uuinoy, Illinois. By Thomas Cuetis Claeke, 
Chief Engineer. Illustrated with twenty-one lithographed 



Pi.ATEg. — General Pliui of Mieaia- 
sippi River at Quincy, showing looa- 
tion of Bridge. Ila. GJeneral Seetiona 
of Missisaippi River at ftaincy, show- 
iuK location of Bridge. 116. Oenaral 
Seotiona of MiaaiBSippi River at Qaia- 
oy. showing location of Bridge. HL 
General Sections of Missiasippi River 
at Quincy, showing location of Bridge. 
IV. Plans of Masonry. V. Diagram 
of Spans, showing the Dimeneiona, 
Amngementof Panela, etc. VL Two 
hundred and fifty feet apan, and de- 
tails VII Three hundred and aiity 
feet Pivot Draw. VUL Details of 
three hundred and sixty feet Draw. 
IX Iie-Breakers.FonndationsofPiers 
and Ahutmenta, Water Table, and 



Cu f Deflect n X F nnda- 

tion f P n P es3 of C n 

atru t n XL F nlat n f P r 
3, and ts Prote t n XII F u da- 
ticms fP 3 inPoc saotC tn 
tion, and Steam Dredge. XIU. Foun- 
dations of Kera 5 to 18, in Process 
of Constmotion. XIV. False Works, 
showing ProcesB of Handling- and Set- 
ting Stone. XV. Falae Works for 
E.aiaing' Iron Work of Snperstruetuce. 
XVL Steam Dredge uaed in Founda- 
tions 9 to 18. XVII. Single Bucket 
Dredge used in Foundations of Bay 
Piers. XVin. SawB uaed for Cut- 
ting Piles under water. XiX. Sand 
Pump and Concrete Box. XX Ma- 
aonry Travelling Crane. 



"Whipple on Bridge Building. 

8vo, Illustratod. Cloth. . $4.00, 

AN ELEMENTARY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. An enlarged and improved edition of 
the Author's original wort. By 8. Whipple, C. E., Inventor of 
the Whipple Bridrea, &«. 

The design has been to develop from Fundamental Principlea a aystem eaay 
of comprehension, and such as to enable the attentive reader and student to 
judge understandinyly for himself, as to the relative merits of different plans 
and combinationa, and to adopt for uae auoli as may be most suitable for the 
casea he may have to deal with 

It ia hoped the work may prove an appropriate Teit-Book upon the subject 
treated of, for the Engineering Student, and a useful manual for the Practio- 
ing Engineer and Bridge Builder. 
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Stoney on Strains, 

New and Revised Edition, with nutnerous illustrations. 

E«jal 8yo, 664 pp. Cloth. IIB.OO. 

THE THEORY OF STRAINS IN" GIRDERS and Similar Struc- 
tures, with. Observations on the Application of Theory to Practice, 
and Tables of Strength and other Properties of* Materials. By 
BiHsoK B. SiosBr, B. A. 



Roebling's Bridges. 

Imperial folio. Cloth. $35.00. 
LOKG AND SHORT SPAN RAILWAY BRIDGES. By Jon:. 
A, RoKBLiNQ, 0. E. Illustrated with large copperplate engrav- 
ings of plans and views. 

List of Plates 

1. Parabolic Truss Railway Bridge. B, 3, 4, 5, 6. Details of Parabolic 
Truss, with centre span 500 feet in, the clear. 7, Plan and View of a Bridge 
OTor the Miasissippi Ri^er, at St. Louis, for railway and common travel. 8, 9, 
10, 11, 13. Details and View of St. Louis Bridge. 13. HaJlroad Bridge over 
the Ohio. 

Diedrichs' Theory of Strains. 

8vo. Cloth. $.'5.00. 
A Compendium for the Calculation and Construction of Bridges, 
Roofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the moat comprehensive information in re- 
gard to the Resulting Strains for a permanent Load, as also for 
a combined (Permanent and EoUing) Load. In two sections 
adapted to the requirements of the present time. By John Died- 
Eicns. Illustrated by numerous plates and diagrams. 

" The want of a compact, unireraal and popular treatise on the Constxuo- 
tion of Roofs and Bridges — especially one treating of the influence of a varia- 
ble load — and the unsatisfactory essays of ditferent authors on the subject, 
induced me to prepaio this work." 
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Whilden's Strength of Materials. 

13rao, Cloth. $3.00. 
ON" THE STEENGTH OF MATEEIAL8 used in ningineeri 
Oonstruction. By J. K. "Whiij)en. 



Campin on Iron Roofs, 

Large 8to. Cloth. $3.00. 

ON THE CONSTEUCTION OF IRON E00F8. A Theoretical 
and Practical Treatise. By Fp.iircrs Campih. With wood-cuts 
and plates of Eoofs lately executed. 

" The mathematical formulaa ara of an elementary kind, and the prooesB 
admita of an aaay eKtenaion so aa to embrace tha prominent Tarieties of iron 
truss bridges. The treatise, though of a practical scientifie oharaoter, may be 
esisily mastered by any one familiar with elementary meohanioa and plane 
trigDuometry." 

HoUey's Railway Practice. 

1 vol. folio. Cloth. $12.00. 
AJfERICAN AND EUEOFEAN RAILWAY PEAOTICE, in 
the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, tlie Varia- 
ble Blast, Vaporization, Circulation, Super-he^iting, Supplying 
and Heating Feed-water, &c., and the adaptation of Wood and 
Colie-buming Engines to Coal-buming ; and in Permanent Way, 
including Eoad-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &o., &c. By Alexander L. Hollet, B. P. With 77 
lithographed plates. 

"This is anelaborate treatise by one of our ablest oivil engineers, on the con- 
struction and Tiae of locomotives, with a few chapters on the building of Rail- 
roi-ds. * * * All these subjects are treated by the author, who is a 
iirat-olasfl railroad engineer, in both an intelligent and intelligible manner. The 
facts and ideas are well arranged, and presented in a clear and simple style, 
accompanied by beautiful engiuvings, and wo presume the work will bo regard- 
ed as indispensable ty all who are interested in a knowledge of the construc- 
tion of railroads and rolling stock, or the working of locomotives." — Scienlijic 
Aiaerican. 
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Henrici's Skeleton Structures. 



SKELETON STEU0TUEE8, especially in their Application to 
the building of Steel aad Iron Bridges. By OiAtrs Hehrici, 
With folding plates and diagrams. 

By presenting theee general esaminationa on Skeleton SlimetureB. with 
particular application for Suspended Bridges, to Engineers, I Tenture to ex- 
press the hope that they -vrill receive these theoretical resulte with some confi- 
dence, even although an opportunity ia wanting to compare them with practi- 
cal results. O. H. 



Usefal Information for Railway Men. 

Pocket form. Morocco, gilt, $3.00. 

Compiled by W. G. HiStriTou, Engineer. Eifth edition, revised 
and enlarged. 570 pagea. 

" It embodies many yaluable formuho and recipes useful for railway men, 
and, indeed, for almost every class of persons in the world. The ' informa- 
tion ' comprises some valuable formulie and rules for the coHBtruotion ot 
boilers and engines, masonry, properties ot steel and iron, and the strength 
of materials generally." — Bailroad GazeUe, Chicago. 



Brooklyn "Water Works. 

1 vol. folio, aoth, $30.00. 

A DESCRIPTIVE ACCOUNT OF THE CONSTRUCTION OE 
THE WOItKS, and also Eeporta on the Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of the Board of Water Commissioners. With 
69 illustrations. 

CosTKiCTS.— Supply Ponds — The Conduit— Eidge wood Engine House and 
Pump Well— Eidgewood Engines—Force Mains — Eidgowood Reservoir— 
Pipe Distribution — Mount Proapeot Eeservoir — Mount Prospect Engine 
House and Engine— Drainage G-rounda — Seweraj-e "Works— Appendix. 
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Kirkwood on Filtration. 

4to. Cloth. #15.00. 

REPORT ON THE FILTRATION OF EIVEE WATEES, for 
the Supply of Cities, as practised in Europe, made to the Boai'd 
of Water OommiBsioaerB of the City of St, Louis. By JiMsa P. 
KntKwooD. Illustrated by 30 double-plate engravings. 

COJITENTS.— Eeport on Kltration— London "Works, General— Chelsea 
"Water "Works and Filtera— Lambeth "Water "Works and Filters— Southwark 
and VauitaU "Water Works and PiltEira--Ocaiid Junction "Water "Works and 
Filters — West Jliddlesex Water "Worha and !Fiitecs--New Eirer "Water 
"Vt'orks and Filters — East London "Wat«r "Works and Filters— Leicester Watflr 
"Works and Filters— York Water Works and Filters— Lirerpool "Wator Works 
and Filters— -Edinburgli "Water "Works and Filters — Dublin Water Works 
and Filters— Pertli Water Works and Filtering QaUerj-— Berlin Water 
Works and Filters — Hamburg- Water Works and Reservoirs — Altona Water 
Works and Filters— Tours Water Works and Filtering Canal— Angers Water 
Works and Filtering Galleries — Nantes Water Works and Filters — Lyons 
Water Works and Filtering Galleries — Toulouse Water Works and Filtering 
Galleries — Marseilles Water Works and Filtocs — Genoa Water Works and 
Filtering Galleries— Leghorn Water Works and Cistems-Wakefield Water ■ 
Works and Filters — Appendix. 



Tunner on Roll-Turning. 

1 vol. 8to. and 1 vol plates. $10.00. 

A TREATISE ON EOLL-TtlENING FOE THE MANUFAC- 
TUEE OF lEON. By Pethe Txinnkr. Translated and adapted. 
By JoHX B. Peause, of the Pennsylvania Steel "Works. With 
numerous ■wood-cuts, 8vo., together with a folio aflaa of 10 litho- 
graphed plates of Rolls, Measurements, &c. 

" We commend this book as a olear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is devoted. 
The writer states in his preface, that for twenty-five years he has felt the 
neoesBitry of such a work, and has evidently brought to its preparation the 
fruits of esperience, a painstaking regard for acourioy of statement and a 
desire to furnish informatioa in a style readily understood The hock should 
be in the hands of every one interested, either m the general practice of 
mechanical engineering, or the special branch of manufacturmg operations to 
which the work relo,tca.''— American Artisan. 
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Glynn on the Power of Water. 

13mo. Cloth, $1.00. 

A TEEATISE ON THE POWER OP WATER, aa applied to 

drive Flour Mills, and to give motion to Turbines and other 

Hydrostatic Engines. By Joseph GLrss, F.R, S. Third edition, 

revised and enlarged, Tvitit nmnerona illustrations. 



He-wson on Embankments. 

8™. Cloth. $3.00. 
PRINCIPLES AND PEAOTICE OF EMBANKING- LANDS 
from Eiver Flooda, as applied to the Levees of the Mississippi. 
By William Hewsou, Civil Engineer. 

" This is a valuable treatise on the priuoiplea and praotiue of embanking; 
lauda from river floods, as applied to the Levees of the MisBissippi, by a highly 
intelligent and experienced engineer. The author says it is a first attempt 
to reduce to order and to rule the deaign, execution, and meaBurement of the 
Levees of the MisaiBsippL It ia a most useful and needed contribution to 
Bcientifio literature. — Philadelphia JCvening Journal. 



Griiner on Steel. 

8vo. aoth. p.50. 

THE MANUFAOTUEE OF STEEL. By M. L. Groneh, trsuis- 

lated from the French. By Lenox Smith, A. M., E. M., with an 

appendix on the Bessemer Proeess ia the United States, by the 

translator. Illustrated by lithographed drawings and wood-cuts. 

" The purpose of the work is to present a careful, elaborate, and at the 
same time practical eiamiuation into the physical pc.ipertisa of steel, as well 
as a description of the new processes and mechanical applianoes for its manufac- 
ture. The information which it contains, gathered from many trustworthy 
BouroeB, will be found of much value to the American steel manufactncer, 
who may tliu^ acquaint himself with the results of oarefnl and elaborate ex- 
periments in other countries, and better prepare himself for sncoeasful com- 
petition in this important industry with foreign makers. The fact that this 
volume is from the pen of one of the ablest metaliurgista of the present day, 
cannot fail, we think, to seouro for it a favorable consideration.— //-w Age. 
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Bauerman on Iron. 



TREATISE ON THE METALI.tJEGY OP lEON. Contain- 
ing oufiiiies of the History of Iron Manufacture, methods of 
Assay, and analysis of Iron Ores, processes of manufacture of 
Iron and Steel, etc., etc. By H. BAtrBSMAN. Fiist American 
edition. Eevised and enlargod, with an appendix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with numerous wood engravings. 

" TMs ia an important addition to the etool of technical worka published, in. 
this country. It embodies the latest facta, discovoriea, and processes con- 
nected with the manufaotuTB of iron and steel, and should ba in the hands of 
every person interested in the subject, as well h3 in all techniea,! and scientific 
libraries." — Eeiejiiifie American. 



Link and Valve - Motions, by "W. S. 
Ancliinoloss. 

8vo. Cloth. $3.00. 
APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with now 
and simple methods for proportioning the parts. By William 
S. AucHiNCLOss, Civil and Mechanical Engineer. Designed as 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. AU dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographic plates, together with a copperplate engraving of the 
Travel Scale. 

All tho matters we lave mentioned are treated with a clearneas and absence 
of unnecessary verbiage which renders tho work a peouliariy valuable one. 
The Travel Scale only requires to be known to be appreciated. Mr, A. writes 
flo ably on his subject, we wish he had. written more, London Ear- 
girietring. 

We have never opened a wort relating to steim which seemed to us better 
calculated to give an intelligent mmd a clear understanding of the depart- 
ment it disonsaos. — BoUnti/k Ami.iicm 
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Slide Valve by Eccentrics, by Prof. 
C. W. MacCord. 

4to. lUuatrated. Cloth, $4.00. 
A PEACTICAL TKEATI8E ON THE SLIDE VALYE BY 
ECCENTRICS, examining by methods, the action of the Eccen- 
tric upon the Slide Valve, and explaining the practical proces- 
ses of laying out the moTementa, adapting the valve for its 
varions duties in the steam-engine. Eor the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general. By C. "W. MacCoed, A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine Indicator. 

12iiio. Cloth. 11.00. 
THE STEAM-ENGINE INDICATOE, and the Improved Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By Paul Stillmak. New edition. 



Bacon's Steam-Engine Indicator. 

13mo, Cloth. $1.00, Mor. $1.50. 

A TREATISE ON THE EICHAEDS STEAM-ENGINE IN- 
DICATOE, with directions for its use. By Chaeles T. Pouter. 
Revised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful formulEe and 
rules for Engineers. By P. W. Bacom, M. E., Member of the 
American Society of Civil Engineers. Illustrated. 
In this work, Mr. Porter's book has been taken as the basis, but Mr. Bacon 

has adapted it to American Practice, and has conferred a great boon on 

American En^eers. — Artisan. 



Battel on Marine Boilers. 

8vo. Cloth. $1.50. 
TREATISE ON THE MARINE BOILERS OF THE UNITED 
STATES. By H. B. Baktoi.. Illustrated. 



d by Google 



J). VA]!r KOSTJIAND. 



G-illmore's Limes and Cements. 

Fiyurth Edition. Revlsei and Enlargd. 

Svo. Cloth. $4.00. 
PBACTIOAL TEEATI8E ON LIMES, HYEEAULIC CE- 
MENTS, AND MOETAES. Papers oa Practical Engineering, 
TJ. 8. Engineer Department, No. 9, containing Reports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A. Gilimoee, Brig- General 
XJ. 8. Volunteers, and Major U, S. Corps of Engineers. Witt 
3 illuBtratious. 



" This ■work contains a record of certain eiperimentH and reBearobea made 
under tlia authority of tte Engineer Bateau of the "War Department from 
1858 to 1861, upon the various hydraulic oementa of flie United States, and 
the materiala for their manufacture. The oiperiBientB were carefully made, 
and are well reported and compiled. ' — Journal Franklin, Iriatil'iiie. 



Q-illmore's Ooignet Beton. 

8vo. ffloth. $3.50. 
COIGNET BETON AND OTHER ARTIFICIAL STONE. By 

Q. A. GiLLMOBE. 9 Plains, Views, etc. 

This w-ork dcscrihes withconsiderable minuteness of detail the several kinds 
of artiiiciai stone in moat general use in Europe and now beginning to be 
introduced in the United Statea, discusses their properties, relative merits, 

and cost, and describes the materials of w-hioh they are composed 

The Bubjeot is one of special and growing interest, and wa commend the work, 
embodying as it does iha matured opinions of an experienced engineer and 
expert. 



Williamson's Practical Tables. 

4to. Flexible Cloth. $2.50. 

PRACTICAL TABLES IN METEOROLOGY AND HTP80- 

METRY, ia connection with the use of the Barometar. By Col. 

R. S. WiLLIAMSOM, U. S. A. 
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Williamson on the Barometer. 

4to. Cloth. 115,00. 
ON THE USE OF THE BAROMETER ON 8URTET8 AITO 
RECONNAISSANCES. Part I. Meteorology in its Connec- 
tion with HjpBometry. Part II. Barometric Hypsometry. By 
R. S. Williamson, Bvt. Lient.-Col. IT. S. A., Major Corps of 
Engineers. With Illustrative Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" Sas Francisco, Cal., Feh. 27, 1867. 
" Qen. A. A. HnjfPHRBts, Chief ot Engineers, U. S. Army : 

" Gknekal, — I have the honor to submit to you, in the following pages, the 
reaulta of my investigations in meteorology and hypsometry, made with the 
view of ascortaining how far tho barometer can he used aa a reliable instru- 
mant for deterraiiiing altitudes on estended lines of survey aJid reconnais- 
Bancea. Theso investigations have occupied the leiauro permitted me from my 
profeasional duties during tha last ten j-oars, and I hope the results will be 
deemed of Buflicient value to have a place assigned them among the printed 
professional papers of the United States Corps of Engineers. 
" Very respectfully, jour obedient servant, 

" E. S. WILLIAMSON, 
"Bvt. Lt.-Col. "U. S. A,. Major Corps ot U. S. Engine™." 



Von Cotta's Ore Deposits. 

8vo. Chith. $400. 
TREATISE ON ORE DEPOSITS. By Ebknhakd Voif Cotta, 
Professor of Geology in the Royal School of Mines, Preidberg, 
Sasony, Translated from the second German edition, by 
Pkbheiiick Peime, Jr., Mining Engineer, and revised by the 
author, with Humerous illustrations. 
" Prof. Von Cotta of the Freiberg School of Mines, is the author of the 
beat modem troatiao on ore deposits, and we are heartily glad that this ad- 
mirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduate of Preiberg, haa had in his work 
tho great advantage of a revision by the author himself, who declares in a 
prefatory note that this may be eocsidered aa n new edition (the third) of his 

" It is a timely and welcome contribution to the literature of mining in 
this country, and we are grateful to the translator for his enterprise and good 
judgment in undertaking its preparation ; while we recognize with eqnal cor- 
diality tha liberality of the author in granting both permisaion and aaaist- 
anoe." — JSxlractfrom Sevieie in Engineering and Mining Journal. 
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Plattner's Blow-Pipe Analysis. 

Seopnd edition. Eerised. 8Vo. Cloth. $7.60. 

PLATTNER'S MANUAL OF aUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. From 
the last German editioa Eeviaed and enlarged. By Prof. Th. 
EiCHTBK, of the Eoyal Saxon Mining Academy. Translated by 
Prof. H. B. CoENWALL, Assistant ia the Columbia School of 
Mines, New York ; assisted by Jonif H. Casweix. Illustrated 
with eigh^-seven wood-cuta and oae Lithographic Plate. 560 
pages. 

" Piattnor'B celebrated irork has long been recognized aa the only oomplota 
book on Blow-Pipe Analysis, The fourth German edition, edited by Prof, 
Eiohtar, fully Husfains the reputation which the earlier editions acquired dur- 
ing the lifetime of the author, and it la a source of great Hatisfaction to ns l<j 
know that Prof. Riohfer has co-operated with the translator in issuing tho 
American edition of the work, which is in fact a fifth edition of the original 
work, being far more complete than the last German edition," — Mliman^a 
Journal. 

There is nothiig so complete f^ be found in the English langaaga. Platt- 
ner'a book is not a raero pocket edition ; itisiateniledasaoomprehensiTeguide 
to all that ia at present known on the blow-pipe, and aa euch is really indis- 
pensable to teaclicrs and advanced pupils. 

" Mr. ComwaU'a edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its German drefls." — J-mmal of 
Applied Chemistry. 



Egleston's Mineralogy, 

8to. Ulnstrated with 34 Lithographic Plates, Cloth, $4.50, 
LECTURES ON DESCEIPTIVE MINERALOGY, Delivered 

at the School of Mines, Columbia College. Bt PaoFBsaoK T, 

Egleston. 

These lectures are what their title indicates, the lectures on Mineralogy 
delivered at tho School of Mines of Columbia College. They have been 
printed for the students, in order that mora time might be given to the vari- 
ous methods of eiamining and determining minerals. The second part has 
only been printed. Tho first part, comprising crystullography and physical 
mineralogy, wiC bo printed at some future time. 
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Pynchon's Chemical Physics. 

2few Edition. Revised and Enla/rged. 

Crown Sro. Cloth. $3.00. 

INTEODUOTION TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and High Schools. Illustrated with 
numerous engravings, and containing copious esperimonts with 
directions for preparing them. By Thomas Euq6les Pyschos, 
M,A., Professor of Chemistry and the Natural Sciences, Trinity 
, Hartford. 



Hitherto, no work suitable for general use, treating of all tteae aubjecta 
within the limits of a single volume, ooald be found ; conaequently the atten- 
tion they have received has not been at all proportionate to their importance. 
It is balieveil that a book containing bo rouoh valuable information within bo 
small a compass, cannot fail to meet with a ready sale among all intelligent 
persons, while Profosaional men, Phyeioians, Medical Students, Photi^raph- 
ers, Telegraphers, Engineere, and Artisans generally, will find it specially 
valuable, if not nearly indispensable, aa a book of reference. 

" We strongly recommond this able treatise to our readers aa the first 
work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description graphic, and its typographical appearance is 
artistic. It is altogether a roost excellent work,"— iScteiw; Medical Journal. 

" It treats fully of Photography, Telegraphy, Steam Engines, and tlie 
various applications of Electricity, In short, it is a carefuEy prepared 
volume, abreast with the latest scientific discoyeries and inventions. ' — Hart- 
ford Gourant. 

Plympton's Blow-Pipe Analysis. 

ISroo. Cloth. $3.00. 
THE BLOW-PIPE : A System of Instruction in ita practical use 
being a graduated course of Aaalysia for the use of students, 
and all those eng^ed in the Examination of Metallic Combina- 
tions. Second edition, with aa appendix and a copious index. 
By George W. Piymptok, of the Polytechnic Institute, Brooklyn. 

" This manual probably has no superior in the English language as a text- 
book for beginners, or aa a guide to the student working without a teacher. 
To the latter many illustrations of tho utensils and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of the blow- 
pipe flame, will be especially serviceable.''— A'eiO York Teacher. 
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TJre's Dictionary. 

Sixth Edition. 

London, 1873. 

3 toIb. Syo, Clotli, $35.00. Half Russia, $37.50. 

DICTIONAIiY OF ARTS, MANUFACTUEE8, AND MINES. 

By AuBSEw Ube, M.D. Sisth edition. Edited by Eobbet Hunt, 

F.E.S., greatly enlarged snd rewritten, 

Brande and Oox's Dictionary. 

Netii Edition. 

London, 18T3. 

3 Tola. 8vo. Cloth, |30.00. Half Morocco, $37.50. 

A Dictionary of Science, Literature, and Art. Edited by "W. T. 

BsiNDE and Eev. Geo. W. Coi. New and enlarged edition. 



"Watt's Dictionary of Chemistry. 

Supplementary Volume. 

8vo. Cloth. $9.00. 

This Tolnmo tringa the Keoord of Chemical DiscOTery down to the end of 
the year 1869, including alao several additions to, and ooiractiona of, former 
resulta which huTS appeared in 1870 and 1371. 

*»* Complete Sets of the Work, New and Jtevised edition, including- above 
supplement. 6 vols. 8va Cloth. $63.00. 



Rammelsberg's Chemical Analysis. 

8vo. Qoth. $3,3S. 
GUIDE TO A COXTESE OF aUANTITATIVE CHEMICAL 
ANALYSIS, ESPEOIALLT OF MINERALS AND FUR- 
NACE PRODUCTS. lUustrated by Examples. By C. F. 
Eammixsbbeq. Translated by J. Towleb, M.D. 
This work has been translated, and la now published eipressly for those 
studenta in ehemistry "whose time and other studies in ooUeges do not permit 
them to enter upon the more elaborate and eipensive troatiaea of Freaeniua 
and others. It ia the condensed labor of a master in obemistFj' snd of a prac- 
tical analjst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

Kew Edition, Revised. 

12mo. Illustrated. Oloth. $1.50. 

A COMPENDIOUS MANUAL OF QUALITATITE CHEMI- 
CAL ANALYSIS. By CHiEtus W. Eliot aad Prank H. Stobek. 
Eevieed with the Oooperafioa of the Authors, by WtLti.iM Eip- 
tEr Nichols, Professor of Chemistry in the MassaohuiBetts Insti- 
tute of Technoli^y. 

" This Manual haa gireat merite aa a practical introduolion to the science 
and the art of which it trcata. It contains enough of thii theory and practice 
of qualitative analyaia, " in. the wet way,*' to bring; out ail the reasoning in- 
volved in tie soienoe, and to present dearly to the student the most approved 
methods of the art. It is Bpeoially adapted for eiereiBea and experimontB ia 
the laboratory; and yet its classifications and manner cf treatment are so 
aystematio and logical throughout, as to adapt it in a high degree to tiat 
higher claas of students generally who desire an accurate knowledge of the 
practical methods of arriving at acientifio facte." — Luiheran Observer. 

" We -wish every academical class in the land could have the benefit of the 
fifty eieroises of two hours each necessary to master this book. Chemistry 
■would cease to he a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. TVe hearttly commend this little volume 
to the notice of thot,e teachers who believe in using: the sciences as means of 
mental discipline." — College Courani. 



Craig's Decimal System. 



WEIGHTS AND MEASUEES. Au Account of the Decimal f 
System, with Tables of Conversioa for Commercial and Scientific 
Uses. By B. P. Crais, M*. D. 

" The most lucid, accurate, and useful of all the hand-books on this subject 
that we have yet leen. It gives forty-seven tables of comparison between the 
English and French denominations of length, area, capacity, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them; and to this practical portion, which helps to make the transition as 
easy as possible, is prefixed a scientific eiplanation of the errors in the metric 
system, and how they may be corrected in the laboratory." — Nation. 
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Nugent on Optics. 



ISmo. Cloth. $2.00 

TEEATI8E ON OPTICS ; or, Light and Sight, theoretically and 

practically treated ; with the application to Fine Art and InduB- 

trial Pursuita. By E. Nugent. With one hundred and three 

illustrations. 

" ThiB book is of a praotioal rather than a theoretical kind, and is de- 
signed to afford aoonrat« and complete information to all interested in appli- 



Bamard's Metric System. 

Svo, Brown cloth. $3.00. 
THE METEIC SYSTEM OF WEIGHTS AND MEASUEES. 
An Address dehvered before the Convocation of the Uniyersity of 
the State of New Tork, at Albany, August, 1871. By Feebkkick 
A. P. Baknaed, President of Columbia College, New York City. 
Second edition from the Revised edition printed for the Trustees 
of Columbia College. Tinted paper. 

"It is the beat summary of the arguments in favor of the metric weig-hts 
and measnroa with ■which we are acquainted, not only becanso it contains in 
small apaoo the leading facta of the caae, but becanac it puts the adirocacr of 
that system on the Only tenable pounds, namely, the great oonTenieuce of a 
decimal notation of we^ht and measure as well as money, the valne of inter- 
national uniformity in the matter, and tho fact that this metric^ system is 
adopted and iu general nao by the majority of civilized nations."— 17« Saiiim. 



The Young Mechanic. 

niustrated. 13mo. Cloth. $1.75. 

THE YOUNG MECHANIC. Containing directions for the use 
of all kinds of took, and for the construction of steam engines 
and mechanical models, including the Art of Turning in Wood 
and Metal. By the author of "The Lathe and its Uses," etc 
From the English edition, with corrections. 
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Harrison's Mechanic's Tool-Book. 

13mo. Clotll. $1.50. 

MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
fur the use of Mach.iaiats, Iron Workers, and others. By W. B. 
Hahrison, Associate Editor of tlie " American Artisan." Illustra- 
ted with 44 engravings. 

" This work is spsciaEy adapted to meet the wants of Machinists and work- 
ers in iron generalhr. It is mada up of the work-day oiporienoe of an intelli- 
gent and ingenious mechanic, who had the faculty of adapting tools to various 
purposea. The practicability of Ma plans and suggestlona arc made apparent 
even to the unpractised eyo hy a aeries of well-executed wood engravings." — 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Seventh edition. Svo. Cloth $3.00. 

A Hand-book for Electricians and Operators. By Fb«nk L. Pope. 

Seventli edition. Eevised and enlarged, and fully illustrated. 
EHrnct from LftUr of Prof. Morse. 

" I have had time only cursorily to examine its contents, but this eiamina- 
tion has resulted in great gratilication, especially at the fairness and unpre- 
judiced tone of your whole work. 

" Your illustrated diagrams are admirable and beautifully executed. 

" I think all your instructions in the use of the telegraph apparatus judi- 
cious and correct, and I most cordially wish you Buccesa." 
Extract from Letter (^ Prof. G. W. Hough, of the Ihidley Obsereatery. 

" There is no other work of this kind in the English language that con- 
tains in 80 small a compass so much practical information in tho application 
of galvanic electricity to tel^raphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries foe other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8va. Cloth. |3.00. 

EXAMINATION OF THE TELEOEAPHIG APPARATUS 

AND THE PROCESSES IN TELEG-APHY. By Samitel F. 

B. MossB, LL.D., United States Commissioner Paris Universal 

Exposition, 1867. 
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Sabine's History of the Telegraph. 

13roo. Clpth. $1.35. 
HI8T0ET AND PE0GEES8 OF THE ELEOTEIO TELE- 
GRAPH, with Descriptiona of soma f the Apparatus. By 
EoBBBT SiBiNB, C. E. Second ed t on witli a Iditions. 

OOKTBNTS.— I. Early Observation f E a. Pieiioniena. II. Tele- 

graphs by Frictional Electricity. Ill Te 'Trapha b7 Voltaic Electricity. 
IV. Telegrapha by Blectco-Magnetisn and M fen o-Electricity. V. Tele- 
graphs now in Qse. VI, Overliead L n s "V II Su marine Telegrapli Iiinea. 
Vin. Underground Telegraphs. IX. Atrooapherio Electricity. 



Shaifner's Telegraph Manual. 

8vo. Cloth. $6.50. 
A COMPLETE HISTOEY AND DE80EIPTI0N OF THE 
8EMAPHOEI0, ELECTEIO, AND MAGNETIC TELE- 
GRAPHS OP EUEOPE, ASIA, AFEICA, AND AMEEICA, 
with 625 illustrations. By TiL. P. Shavpnek, of Kentucky. 
New edition. 

CuUey's Hand-Book of Telegraphy. 

Bvo. Cloth. $S.O0. 
A HAND-BOOK OF PEACTICAL TELEGEAPHY. By E. 8. 
OuLLEY, Engineer to the Electric and International Telegraph 
Company, Fourth edition, revised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. $3.00. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts— 
Eemoval of Tower and Corwin Rocks. By Josif G. Fosteo, 
Ijieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. Army. Illustrated wilii seven plates. 
List or Plates.— 1. Sketch of the Narrowa, Boston Harbor. 2. 

Townsend'B Submarine Drilling Machine, and "Working Vessel attending. 

3. Submarine Drilling Machine employed. 4. Details ot Drilling Machine 

employed. 5. Cartridges and Tamping used. 6. Fuaos and Insulated Wirefl 

used. 7. Portable Friction Battery used. 
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Barnes' Submarine "Warfare. 

8to. Cloth. *5.00. 

SUBMARINE WARFARE, DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of the laventioii of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the Tarioua forma of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the ExplosiTe Force of Gun- 
powder under Water. Also a discrussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and inSuence upon 
Future Naval Wars. By Lieut. -Commander Johm 8. Baehes, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

" A book important to military men, and espedally so to engineers and ar- 
tilleristB. It consiatB of an examination of tte various offensive and defensive 
engines that have been contrived for submarine hostilitiea, including a dieous- 
8!on of the torpedo flyBt«m, its effects upon iron-clad ship-systems, and ita 
probable influence upon future naval wars. Plates of a valuable character 
aoeompany iho treatise, which affords a useful history of the momentous sub- 
ject it discusses. A great deal of nseful information is collected in its pages, 
especially concerning the inventions of Scuoli. and VBRDtr, and of J^ojjbs' 
and Hdnt'b batteries, as well as of other similar machines, and (he use in 
submarine operations of gun-eotton and nitro-glyoorine." — N. Y. Tim£3. 



Randall's Quartz Operator's Hand- 
Book. 

12mo. Cloth. $3.00, 

QUARTZ OPERATOR'S HANB-BOOK. By P. M. EiN»AtL. 
New edition, revised and enlarged. Fully illustrated. 

The object of this work haS been to present a oleac aud comprehensive ax- 
position of mineral veins, and tho moans and modes chiofty employed for the 
mining and working of their ores — more especially those containing gold and 
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Mitchell's Manual of Assaying. 

8™. Cloth. $10.00. 

A MANUAL OF rEACTICAL ASSAYING. By John Mhchell. 
Third edition. Edited by William Ckookes, F.R.S. 

In this edition are incorporated all the late important discoveries in Assay- 
ing made in this country and abroad, and special care is devoted to the very 
importfint Volumetrio and Colorimetrio Assays, aa well as to the Blow-Pipe 
Assays. 



Benet's Chronoscope. 

Second JEdiMon. 

Bluatrated. 4to. Cloth. $8.00. 

ELBCTEO-BALIilSTIC MACHINES, and the Sohultz Chrono- 
scope. By Lieutenant-Colonel 8. V. Eenet, Captain of Ordnance, 
V. S. Army. 

C0NTBHT3.— I. Ballistic Pendulum, 2. Gtnn Pendulum. 3, Use of Elec- 
tricity, i. Navez' Machine. B. Vignotti'a Machine, with Platos. 6. Bonton's 
Electro-Ballistio Pendulum, with Plates. 7, I«ur's Tro-Pendulum Machine 
8. Sohultz's Chronoscope, with two Plates. 



Michaelis' Chronograph. 

4to. Illustrated, Cloth. $3.00. 

THE LE BOULENG^ CHRONOGRAPH. With three litho- 
graphed folding plates of illustrations. By Brevet Captain E. 
MiCHiELis, Eirst Lieutenant Ordnance Corps, U. §. Army. 



" The excellent monograph of Captain Michael 
details of " ' " 



■H minutely into the 

ieijaiio oi i;uiian-inii,i.uii uuu. imv^^oL^v-..^ «.... o-.w ^^ jf tho times of ftig-ht 

calculated upon a given fill o£ the ohronomator for all distances. Captain 
MiohaeliB has done gnod servioe in presonting this work to his brother officers, 
desoribing, as it doea, an instrument whinli bids fair to be in constant nae in 
ovir futufa'ballistic experiments.' — Ariiii/ and JSaDy JitunuiL. 
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Silversmith's Hand-Book. 

Fov/rth JEdition. 

muatrated. 12mo. Cloth. $3.00. 

A PEACTICAL HAND-BOOK FOE MINEES, Mefallui^Bta, 
and Aaaayera, comprising the most recent improvements in the 
disintegration, amalgamation, eiaelting, and parting of the 
Precious Ores, -nrith a Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Julius 
SiLYEEaMiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

One of the moat important features of this work is that ia whiGh the 
matallurgy of the precious metala ia ti^ated oi. In it the author lias endeav- 
ored to embody all the processes for the reduction end manipulation of the 
precioua orea heretofore suoceaBfuUy employed in Germany, England, Meiieo, 
and the United States, together with such as have been more resently invented, 
and not yet fully tested — all of whioli are profusely iUuatratod and easy of 
comprehension. 



Simms' Levelling. 

8vo. Cloth. $3.50. 

A TREATISE ON THE PEINCIPUIS AND PEACTICE OF 
LEVELLING, showing its application to purposes of Sailway 
Engineering and the Construction of Roads, &c. By Frebehics: 
W. SiMMs, 0. E. From the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Bxamples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

" One of the moat important test-books for tho general surveyor, and there 
is icaccely a question connected with levelling for which a solution would be 
Bought, but that would bo satisfaotorily answered by coosalting this volnme." 
— Mining Journal. 

" The tcit-book on levelling in roost of our engineering schools and col- 
leges."— ^nSJ'neers. 

" The pnblishera have rendered a, substantial Bervice to the profeasion, 
especially to the younger members, by bringing out the present edition of 
Mr. Simms' useful woci 
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Eads' Naval Defences. 



SYSTEM OP" NAVAL DEFENCES. By James B. Eads, 0. E. 
Report to the Honorable Q-ideon Welles, Secretaiy of the Navy, 
Eebruary 22, 1868, with t«n illustrations. 



Stuart's Naval Dry Docks, 

Twenty-four engravings on steel. 
Fourth Edition. 
4to. Cloth. $G.0O, 

THE NAVAL DBY DOCKS OE THE "UNITED STATES. 
By Chaeles B. Stuaet. Engineer in Chief of the United Statea 

List of lUustrationa. 
Puraping Engine and Pumps — Plan of Dry Dock and Pump- Well — See- ■ 
tions of Dry Dock— Engine House— Iron I'loa.ting Gate— Details of rioating 
Gate — Iron Turning Gate— Plan of Turning Gats — Onlvert Gate — Filling 
Culvert Ciatea — Engine Bed — Plate, Pumps, and Culvert — Engine House 
Eoof— Floating Sectional Dock- Details of Section, and Plan of Turn-Tables 
—Plan of Basin and Marine Railways — Plan of Sliding Frame, and Elevation 
of Pumpa— Hydranlio Cylinder— Plan of Gearing for Pumpg and End Floats 
^-Perspective View of Dock, Basin, and Railway — Plan of Basin of Ports- 
mouth Dry Dock — Floating Balance Dock— Elevation of Trusses and the Ma- 
chinery— Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Cloth. 75 cents. 

A GUIDE TO OKNAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

COBTENTS. — Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them— On Shading — Concerning lines and shading, 
with applications of them to aimple elementary subjects- Sketches from Na- 
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Minifle's Mechanical Drawing. 

Eighth ISditUm. 

BoyalSvo. Cloth. |4.00. 
A TEXT -BOOK OF GEOMETRICAL BfiAWINQ for the use 
of Mechanics aad Schools, in which the Definitions and Eules of 
Geometry are familiarly explained ; the Practical Problems ars 
arranged, from the moat simple to the more complex, and in their 
description technicaJitieH are avoided aa much as possible. With 
illustrations for Drawing Plans, Sections, aad Elevations of 
Buildings and Machinery; an Introduction tolsometrieal Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wm. 
MiNiFiB, Architect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

" It is the best wort ou Drawing that we have ever seen, and is especially a 
texWiook of Geoiucrtrioal Drawing for the use of Meclianios and Sohoola. No 
young Mechanic, eiioh aa a Machinist, Engineer, Cabinet^Maker, Millwright, 
or Oarpontar, should be without it.'— ScUntiJic American. 

•• Oae of the jnoat comprehensive works of the kiniever publiBhed, and can- 
not but possess great value to builders. The style is at oaee elegant and sub- 
sU.a.i.i^.''—Pennsylvimia. Impiirer. 

" Whatever is said ia rendered perfectly intelligible by remackabiy woll- 
exeouted diagrams on steel, leaving nuthing for mere vague supposition ; and 
the addition of an introduction to isometvical drawing, linear perspective, and 
the projection of shadows, winding up with a useful index to technical terms." 
— Glasgom Mechanics' J&unuU. 

iW" The British Government has authorized the use of this book in their 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifle's G-eometrical Drawing. 

yew Edition, Enlarged. 

12mo. Cloth. $3.00. 
aEOMETEICAL DBA WING. Abridged from the octavo edition, 

for the use of Schools. Illustrated with 48 steel plates. New 

edition, enlai^ed. 

'■ It i-i well adapted as a test-book of drawing to bo used in our High Schools 
and Academies where this useful branch of tho line arts has been hitherto too 
much neglected."— UiwtoJi Journal. 
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Bell on Iron Smelting. 

8vo. Cloth. $6.03. 
CHEMICAL PHENOMENA OF IRON SMELTING. An ex- 
perimental and practical esainination of tlie circuin stances which 
determine tho capacity of the Blast Furnace, the Tempemturo 
t)f the Air, and tlte Proper Condition of the Materials to be 
operated upon. By I. Lowthi.in Beel. 

" The reactions which toko place in every foot of the blast-fumaeo have 
been iavostigated, and the nature of orery step in the process, from the intro- 
duction of tlie raw material inio the famace to the production of the pig iron, 
has been carefully ascertained, and recorded so fully that any one in the trade 
can readily avail themaelvea of the knowledge acquired ; and we have no hes- 
itation in saying that the judicions application of such Imowledge will do 
mneh to facilitate the introduction of arrangementa which will atiil further 
economize fuel, and at the same time permit of the quality of tlie reaulting 
metal being maintained, if not improved. Tho volume ia one which no prac- 
tical pig iron manufacturer can afford to bo without it he be desirous of en- 
tering upon that competition which nowadays is essential to progreaa, and 
in issuing such a work Mr. Bell hag entitled himself to the best thanks of 
every member of the trade." — London Mining Journal. 



King's Notes on Steam. 

Thirteenth Edition. 

8vo. Cloth. $3.00. 

LESSONS AND PRACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c,, &c., for Yon ng Engineers, Students, and 
others. By the late "W. B. Xing, U. S. N. Revised by Chief- 
Engineer J. W. King, U. S. Navy. 

" This is one of the best, because eminently plain and practical treatises on 
the Steam Engine ever published. ' — Philadelphia Press. 

This is the thirteenth edition of a valuable work of the late W. H. King, 
U. S. N. It contains leseona and practical notes on Steam and tho Steam En- 
gine, Propellers, etc. It ia calculated to be of great use to young marine en- 
gineers, students, and others. The text is illustrated and esplained by nu- 
merous diagrams and representations of machinery. —Boston Daily Advey- 

Text--baok at the U. S. Naval Academy, Annapolis. 
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Burgh's Modem Marine Engineering. 

One Hiiek 4to Tol. Clotli. $25.00. Ilali morocco. $30.00. 

MODERN MARINE ENGINEERING, applied to Paddlo and 
Screw Propuldoa. Consistii^ o£ 36 Colored Plates, 259 Practical 
Wood-eut Illustrations, and i03 p^es of Descriptivo Matter, tho 
wbole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Pield ; Messrs. James Watt & Co. ; Messrs. J. & G- Eennie ; 
Messrs. E. Napier & Sons ; Messrs. J. & "W. Du^eon j Messrs. 
Ravenhill & Hodgson; Messrs. Humphreys & Tenant; Mr. 
J. T. Spencer, and Messrs. PorreBt«r & Co. By N. P. BuiLsn, 



PltraClPAl. CoKTEN'ra,— General Arrangements of Engines, 11 eanmpleB 
— Genewl Arraascment of Boilers, 14 examples -General Ar™ng:eTOent of 
Superieatera, 11 examples— Details of Oaoillating Paddle Engines. 84 ex- 
ampiea— Condensers for Screw Engines, both Injection and Surface, SO ex- 
amples—Details of Screw Engines, 20 examples-Cylinders and Details of 
Screw Engines. 21 examples— Slide ValyoB and Details, 7 examples— Slide 
Valve, Link Motion, 7 examples— Expansion Valves and Gear, 10 exam- 
ples—Details in General, 30 examples -Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 23 examples In relation to tlie Princi- 
ples of tlie Marine Engine and Boiler, 33 eiamplev 

J^oliees oftlw Pres-! 

'■Every conceivable detail of tlie Marino Jnginn, Tind.r all its venous 
forms, is profusely, and we must add, admirably lUusfanted by a multitude 
of engravings, selected from the best and most niodi'm practice of the first 
Marine Engineers of tlie day. The chapter on Condensers is peeuliiUy valu- 
able. In one word, there is no other work in exists noe whith willUar a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which is dne the ^endid reputation enjoyed by raany British 
Marino Engineers." — ^nffin^i'r. 

"This very comprehensive work, wMeh was issued in Monthly parts, has 
just keen comph^ted. It eontains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Marine Enguies, and it I3 
a complete theoretical Jind ptactioal treatise on the subject of Marino Engi- 
neering."— .dmemare Artisan: 

This is the only edition of tho above work -n-ith the beautitully colored 
plates, and it is out of print in Ei^lend. 



d by Google 



D. TAN SOSTRAWD. 



Bourne's Treatise on. the Steam En- 
gine. 

yinth Edit ion. 

niustrated. 4to. Olotli. $15.00. 
TREATISE ON THE STEAK ENGINE ia its various applica- 
tions to Mines, Mills, Steam Nayigation, Railways, and Agricul- 
ture, with tho theoretical investigations reepeetiiig the Motive 
Power of Heat and the proper Proportions of Steani Engines. 
Elaborate Tables of tho right dimensions of every part, and 
Practical Instructions for thft Manufacture and Management of 
every species of Engine in actual use. By John Boubsb, being 
the liinth edition of " A Treatise on the Steam Engine," by 
the "Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Boumii'a work has the great merit of avoidii^ unsound aud imma- 
turo views, it may Safely be consulted by all wlra are really desirous of ac- 
quiring trustwortty information on the subject of which it treats. During 
the twenty-two years which have elapsed from the issue of tho first edition, 
the improvements introduced in the constiuodon of the steam engine have 
been both numerous and important, and of these Mr. Boumo lias taken care 
to point out the more prominent, and fo furnish the reader with such infor- 
mation as shall enable hira readily to judge of their relative value. This edi- 
tion has been thoroughly modernized, and made to accord with the opinions 
anil practice of the more auecessful engineers of the present day. AH that 
the book profeasoa to give is given with ability and evident care. ' The scien- 
tific principles which are permanent are admirably explained, and reference 
ia made to many of the more valuable of the recently introduced engines. To 
eipresB an opinion of the value and utility of such a work as The ArUsan 
ClJtb's Treatise on llis Btedm Entjine, which haa passed through eight editions 
already, would be superfiuons ; but it may bo safely stated that the worji is 
worthy the attentive study of all either engaged in the manufacture of ateani 
engines or interested in economizing the u^e of steam. — Mining Journal. 



Isherwood's Engineering Precedents. 



Two Vols, in One. 8vo 



Cloth. 



ZX>Q. 



ENGINEERING PRECEDENTS FOR STEAM MAUHiNEKY. 
Arranged in the most practical and useful manner for Engineers, 
By B, F. IsherWood, Civil Engineer, U, S. Navy- With iDus- 
trations. 
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"Ward's Steam for the Million. 

ycM< and MeviseO, EdiAitm,. 

Sto. Cloth. $1.00. 
STEAM FOR THE MILLION. A Popular Treatise on Steam 
-aad its AppHcation to tbe Useful Arts, espeoiaDy to Naviga- 
tion. By J. H. Wakb, Comraander U. S. Navy. New and re- 
vised edition. 

A Kimt exoeUent work for tho young engineer and general reader. Many 
faas relating to the management of the boiler and engine are set forth with a 
mmplieity of language and ferfection of detdl that bring the subject home 
to the reader. — American EagiMer. 



"Walker's Screw Propulsion. 

Svo. Cloth. 15 cents. 
NOTES ON SCEEW PEOPTJLSION, its Eise and nistory. By 
Capt. W. H. "Walkeb, U. S. Navy. 

Commander Walker'a book contains an immense amount of concise practi- 
cal data, and over? item of information recorded fnlly proves that the various 
points bearing upon it have been well considered previously to eipreaems an 
opinion,— Xondon Mining Joarnai. 



Page's Earth's Crast. 

18mo. Cloth. 75 cents. 
THE EARTH'S CRUST : a Handy Outline of Geology. By 

David Paqb. 

" Such a work as this was much wanted— a work giving in clear and intel- 
lioible outline the leading facts of the science, without amplification or irk- 
some details. It ia admirable in arrangement, and clear and easy, anil, at the 
same time, forcible in style. It will lead, we hope, to the introduction ot 
Geol.^ into many schools that have neither time nor room for the study ot 
largo tieatiflea."— TAB Museum. 



d by Google 



D. VAJ^ JVOSTItAJVI>. 



Rogers' Geology of Pennsylvania. 

3 Vols. 4to, with Portfolio of Maps. Cloth. $30.00. 
THE GEOLOGY OF PENNSYLVANIA. A Goyemment Sur- ■ 
vey. With a general yiew of tlie Geology of the United States, 
Essays on the Coal Formation and ita Fossils, and a description 
of the Coal Fields of North. America and Great Britain. By 
Henki Dabwin Rogers, Late State Geologist of Pennsylvania. 
Splendidly illustrafad with Plates and Engravings in the Tert 

It certainly ehouU be in eTecy public library vnroug-hout tho country, and 
likewise in the possession of all studonts of Qeolt^y. After the final sale of 
these copies, the work will, of course, booome more Taluable. 

The work for the last five years has been entirely out of the niarket, but a ■ 
few copies that remained in the hands of Prof. Rogers, in Scotland, at tho ' 
time of his death, are now offered to the public, at a price which is even 
below what it was originally sold for when first published. 



Morfit on Pure Fertilizers. 

"With 38 lUustratiTO Plates. 8yo. Cloth. $20.00. 

A PRACTICAL TREATISE ON PURE PERTHjIZERS, and 

the Chemical Conversion of Rock Guanos, Marlstonea, Coprolifas, 

and the Crude Phosphates of Lime and Alumina Generally, into 

s Valuable Products. By Camehbli, Mokfit, M.D., F.C.8, 



Sweet's Report on Coal. 

8vo. ClotJi. $3.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, Olaasi- 

fication, and Cost delivered over different routes to various points 

in the State of New York, and the principal cities on the Atlantic 

Coast. By 8. H. Sweki. With maps. 



Colbnrn's Gas "Works of London, 

l^mo. Boards. 60 cents. 

GAS WORKS OF LONDON. By Zerah Colb(ien. 
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The TTsefiil Metals and their Alloys ; 
Scoffreu, Truran, and others. 

mfth Edition. 

8yo. Halfoalf. $3.75. 
THE USEFUL METALS AND THELK ALLOTS, ineludiog 
MINING TENTILATION, MINING JUKISPBUDENCE 
AND METAI.LUEGIO 0HEMI8TET employed in the conver- 
sion of IRON, CX>PPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
AETS. By JoHS ScoFBAEK, William TEUBAiir, Wilwam Clay, 
lioBBEi OxLiNB, Wllliam Paibbaibn, W. C. AiTKis, and Wil- 
liam VOSB PiCKETI. 



Collins' Useful Alloys. 

ISmo. Flexible. 75 cents. 
THE PRIVATE BOOK OF USEFUL ALLOTS, and Memo- 
randa foE Goldsmiths, Jewellers, etc. By James E. Collins 

Tbifl little book is oompiled from notes, made by the Author from the 
papers of oue of ths larj^t and most ominont Manufacturing QoldsmitJia and 
Jewellers in thia country, and as the firm is now no longer in eiistenee, and the 
Author is at present engaged in some other undertaking, he now offers to the 
publio the henefit of his experience, and in so doing he begs to state that all 
the alloys, etc., given in iheso pages may be coniidontly relied on as being 
thoronghly praotioable. 

The Memoranda and Receipts throughout thia book are also compiled 
from practice, and will no doubt be found useful to the practical jeweller. 
—ShiTley, Jvly, 1871. 

Joynson's Metals Used in Construction. 

13mo. Cloth. 75 cents. 
THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Bessemer Metal, et«., etc. By Fiu.s-as Hkebert Jotsson. Il- 
lustrated. 

" la the interests of practical science, we are bound to notice this work ; 
and to those who wish further information, wc alioulil aay, buy it; and tlie 
outlay, we honestly belieyo, will ba considered well spent." — SeieiUiJie 
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Holiey's Ordnance and Armor. 

193 Engravings. Half Eoaa, $10.00. Half Russia, 813.00. 
A TREATISE ON ORDNANCE AND AEMOE— Embracing 
DescriptioQs, Diacuesiocs, aod Professional Opinions concerning 
the Matbkial, Fabrication, Reijuirements, Capabilities, and En- 
durancD of Europetm and American Guns, for Naval, Sea Coast; 
Mid Iron-clad Warfere, aud their Eiflino, Peojkctiles, and 
Breech-Load iHQ ; also, Eesults of Experinients against Armor, 
teora. Official Eooords, with an Appendix raferring' to G-un-Cotton, 
Hooped Guns, etc., etc. By Aij.;xaxdkk L. HoLLur, B. P. 948 
paries, 433 Engravings, and 147 Tables of Eosults, ot«. 

CONTKKTa 
GsAPraE L— StandsTd Guns and their Fabrication Described : Section 1. 
Hoflped Guns; Section 3. Solid Wrought Iron Guna; Section S. Solid Steel 
Guns; Section t Caafr-Iron Guns. Chapter IL— The Requirements of Guns, 
Armor; Seotioa. !. The Work to be done ; Section 2. Heavy Shot at In>w Ve- 
locities; Seotion 3. Small Shot at High. Veiooities; Section 4. The two Sya- 
tems Combined ; Section 5. Ereaching STasonry. Chapter III. — The Strains 
and Structure of Gans: SeotiMi 1. Reaiatance to Eiastio Pr^sure ; Section 2. 
TheE^ota of Vibration; Section 3. The Effects of Heat. Chapter IV.— 
Cannon Sfetals and Proces^s of Fabrication; Section I. Elasticity and DuctiU 
ity; Section 3. Cast-iron; Section 3. Wrought Iron; Section 4. Steel; Sec- 
tions. Bronze; Section 6. Other Alloys. CHAPrBtt V. — Rifling and Projee- 
tiles ; Standaid Forms and Practice Described ; Early Eniiecinients : Tlie 
Centring System; The Compressing System; The Eipanaion System; Armor 
Punching Projectiles; Shells for Molten Metal; Competitive Trial of Bifled 
Oans, IS83 ; Duty of Rifled Guns ; General Uses, Accuracy, Kangc, Velocity, 
Slrun, Li^ility of Projectile to Injury ; Firing Spherkal Shot from KLfed 
Guns ; Matfflial for Armar-Punchiag Projectiles ; Shape of Armor-Funi^ing' 
Projeotiles; Capacity and Destructivcness of Shells; Elongated Shot from 
Smooth Bores; Conclusions; Velocity of Projectiles (TableV Chapter VI.— 
Breech-I/oadiiig Advantages and Defects of the System; Rapid Firing and 
Cooling Guns by Maeliinery; Standard Breech-Loadora Described. Part Sec- 
ond: Experiments agiiust Armor; Account of Eiperimenla from Official 
Records in Chronological Order. ApfekdiX.— Bflport on the Application of 
Gun-CottiOn to Warlike Purposes — British Asaoeiatiou, 1863; Manufacture and 
Biperim^nta in England; Guns Hooped vith Initial Tension — History; How 
Qhine Burst, by Wiard. Lyman's Accelerating Gun; Endurance of Parrott 
and Whitirorch Quas at Charleston ; Hooping old United States CaBl>-Icon 
Guns; Endurance and Accuracy of the Armstrong SOO-pounder; Competitive 
Trials with 7-inch Guns. 
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Peirce's Analytic Mechanics. 

4to. Cloth, $10.00. 

SYSTEM OF ANALYTIC MECHANICS. Physical and Celestial 
Mechanics. By Benjamin Peirck, Perkins Pr&feasor of Astronomy 
and Mathomatios in Harvard University, and Consulting As- 
trononi*r of the American Ephemeris and Nautical Almanac. 
Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, aad Analytic Morpholt^y. 

" I have le-eiamined tie iBomcarB of the great geometeiB, and have Btriven 
to consolidate their latest rosearclies and their most eialted forms of thought 
, consistent and unifemn treatise. If I ha,ve hereby aucceoded in open- 
• the students of my country » readier aocess to these choice jewels of 
ntellect ; if their briUiancy is not impoiped in this attempt to rosot them ; if, 
their own constellation, tbey illustrate each other, aud co«eentiate 
itronger light upon the names of tboir discoverers , and, still more, if any 
in ■whiob I may hare preaaraed to add iw not wholly InBtrelesa in the oolleo- 
in, I ^all fe^ that ray work has not been in -vsaa." — MxtTatt from the Pre- 



Burt's Key to Solar Compass. 

Second Edition. 

Pocket Book Form. Tuok. $3.50. 

KEY TO THE SOLAR COMPASS, and Surveyor's Companion ; 
comprising all the Eulea necessary for use in the field; also. 
Description of the Linear Surveys aad Public Iiand System of 
the United States, Notes on the Barometer, SuggestitMia for an 
outfit foiP a Survey of four months, etc., etc., etc By W, A. 
Bdki, U, S, Deputy Surveyor. Second edition. 



ChauYenet's Ltmar Distances. 

Svo. Cloth. $3J>0, 

NEW METHOD OF CORRECTING LUNAE DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wii. CflAUVitsET, LL.D., Chan- 
cellor ofWashington University of St. Louis. 
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Jeifers' Nautical Surveying. 

Illuatrated with 9 Coppecplatea and 31 Wood-cut Illustrations. 8tci. 
Cloth. $5.00. 

NAUTICAL SURVEYING. By William N. Jeffees, Captain 
U. S. Navy. 

Many books have been wn ttn on e of the subjecta treated of in the 
sixteen chnjters of this w k and t obtain a complete knowledge of 
geodetio surveying requires a p ofound ud ' of the whole range of mathe- 
matical and physical acien a bu a v a f preparation should render any 
intelligiait officer competent to ondu t a nautical survey. 

CoNilENTs.— Chapter I. Formula and Constants Useful in Surveying 
IL Distinctive Character of Surveya. HI. Hydrographic Surveying under 
Sail ; or, Running Survey. IV. HydrograpMc Surveyii^ of Boats ; or, Har- 
bor Survey. V. Tides— Definition of Tidal Phanonnena— Tidal Observations. 
TI. Meaaureraent of Bases — Appropriate and Direct. VII. Measurement of 
the Angles of Triangles — Azimuths — Astronomical Bearings. VIII. Correc- 
tions to be Applied to the Observed Ang-les. IX. Levelling — Difference of 
Level. X. Computation of the Sides of the Triangulation— The Three-point 
Problem. XI. Determination of the Geodetio Latitudes, Longitudes, and 
Azimuths, of Pointa of a Triangulaiion. XII. Summary of Subjects treated 
of in preceding Chapters— Biamples of Computation by various rocmuls. 
XIII. Projection of Charts and Plans. XIV. Aatronomioal Determination of 
Latitude and Longitude. XV. MagHCtic Observations. XVL Deep Sea 
Soundings. XVIL Tables tor Ascertaining Distancoa at Sea, and i full 

List of Plates. 

Plata L Diagram Illustrative of the Triangulation. II. Specimen Page 
of Field Book. HI. Running Survey of £ Coast, IV. Example of a Running 
Survey from Belcher. V. Plying Survey of an Island. VI. Survey of a 
Shoal. VII. Boat Survey of a River. YIH. Three-Point Problem. IX. 
Triangulation, 

Coffin's Navigation. 

Fifth Edition. 

13mo. Cloth. $3..'l0. 
NAVIGATION AND NAUTICAL ASTEONOMT. Prepared 
for the use of the U. 8. NavaJ Academy. By J. H. C. Co*pi«, 
Prof, of Astronozay, Navigation and Surveying, with 52 wood- 
cut illustrations. 
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Clark's Theoretical Navigation. 

8vo. Cloth. $3.00. 

THEORETICAL NAVIGATION AND NAUTICAL ASTEON- 
OSIY. By Lewis Cl.irk, Lieut. -Commander, U. 8. Na-vy. Il- 
lustrated with 41 Wood-cuts, including the Vernier. 

Prepsied for Use at the U. S. Naval Aciuleniy. 



The Plane Table. 

niustrated, 8vo. Cloth. $3.00. 

ITS USES IN TOPOGIiAPHICAL SURVEYING. From the 
Payers of the U. S. Coast Survey. 

This ivork givea a description o£ the Plane TiiUa employed at the U. 8. 
Coast Survey Otfioe, and the manner of using It. 



Pook on Shipbuilding. 

8vo. Cloth. $5.00. 

METHOD OF COMPASINO THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BT SAIL OR STEAM, in- 
chidiiig a Chapter on Laying off on the Mould- Loft Floor. By 
S.iittiEi, M. Pook, Naval Constructor. 1 vol., 8vo. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy, 

8vo. Cloth. $0.50. 

SPHERICAL ASTRONOMY. By F. Bkunkow, Pk. Dr. Trans- 
lated by the Author from the Second German edition. 
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Van Bnren's Formulas. 

8to. Cloth. $2.00. 
INVESTIGATIONS OF F0EMTJLA8, for tbe StrGngrth of the 
Iron Parts of Steam Machinery. By J. D. Van Bttreh, Jr., C. E. 
Illustrated. 

This ia an analytical discussion of the formula employed by mechanio»l 
englneera in determining the rupturing or crippling pressure in the different 
parts of a maehino. The tomiulie are fonnded upon the principle, that the 
. different parts of a machine stonld be equally strong, and are developed in 
reference to the ultimate strength of the material in order to leave the choica 
of a. factor of safety to the judgment of the Aesigaec.—SiUimaii:a Jm-Twd. 



Joynson on Machine G-earing. 

8vo. Cloth. $3.00. 
THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Machine Gearing, as Eccentriea, 
Screws, Toothed Wheels, etc., and the Drawing of Eectilmeal 
and Curved Surfaces ; with Practical Enlea and Details. Edited 
by PRiNcia HfiBBBBT JorNSON. Illustrated with 18 folded 
plat«s. 

" The aim of this work is to he e. gnide to meohanios in the designing and 
conetroction of general machine-gearing. This design it well fulfils, heiny 
plainly and aensibly written, and profusely illustrated." — Sunday 2'imfS. 



Barnard's Report, Paris Esposition, 
1867. 

Illustrated. 8vo. Cbth. $5.00. 
EEPOET ON MACHINERY AND PROCESSES ON THE 

INDUSTRIAL ARTS AND APPARATUS OF THE EXACT 

SCIIMCES. By F. A. P. B.\e«ard, LL.D.— Paris Universal 

Exposition, 1867. 

" We have in this volume the results of Dr. Barnard's study of the Paris 
Exposition of 1867, in the form of an official Eeport of the Govern 



t exhaustive trentise upon modem inventions that has appeared 
since the Universal Exhibition of 1851, and we doubt if anything equal to it 
has appeared this ceataiy."— Journal Applied GhsmiUry. 
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Engineering Facts and Figures. 

18mo. Cloth. $3.50 per Volume. 

AN ANNUAL EEGI8TEE OF PKOGEESS IN MECHANI- 
CAL ENGINEERING AND CONSTRUCTION, for the Yeaxs 
1863-64-65-66-67-68. Fully illustrated. 6 volumes. 
Each volume sold eeparately. 



Beckwith's Pottery. 

8vo. Paper. 60 cents. 

OBSERVATIONS ON THE MATERIALS and Manufacture of 
Terra-Cotta, Stone- Ware, Fire-Briek, Porcelain and Encaustic 
Tiles, with Remarks oa the Products exhibited at the Iiondou 
Iitteruatioual Exhibition, 1871. By Akthuk Beckwith, Civil 
Engineer. 

" Everything is noticed in. this book Tvhich comes under the head of Pot- 
tery, from fine poroelwn to ordinary brick, and aside from the intereat which 
all take in such manufacture?, the work ■will be of conBiderablo value to 
followers of the ceramic art." — Evening Mail. 



Dodd's Dictionary of Manufactures, etc. 

12nio. Cloth. $2.00. 

DICTIONARY OF M.4.NUFACTUEES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By GEoaGB IHkv. 
This work, a small book on a great subject, treats, in alphabetical ar- 
rangement, of those numerous matters which come generally within the range 
of manufactures and the productive arts. The raw materials — animal, veg^ 
table, and mineral— whence the manufactured products arc derived, are suc- 
cinctly noticed in connection with the processes which they undergo, but not 
as subjects of natural history. The operations of the Mine and the Mill, the 
Foundry and the Forge, the Factory and the Workshop, are passed under re- 
view. The principal m^hines and engines, tools and appsj^atus, concerned iu 
manufacturing processes, are briefly described. The scale on which our chief 
branohes of national industry ore conducted, in regard to values and quantities, 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. lUustriitfia . Cloth. $5 . 00. 

THE CIVIL AND MILITARY ENGINEERS OP AMEEICA. 
By General Charles B. St k Vutl o ot N val D j Bocka 
of the Uttited States," etc etc Embell h%\ w t!i e finely 
executed portraits on eteel ot em ne t enp, nee a a d 11 strated 
by engrayings of some of the b ost mpo t nt an 1 or g al works 
constructed in America. 

Containing Bkctchea of the Life and "Works of Major Andrew EUioott, 
James Geddes (with Portrait^ Benjamin "Wright (with Fortrait), OanvMs 
White (with Portrait), David Stanhopo Bates, Nathan 3. Roberta, Gridley 
Bryant (with Portrait], General Joseph G. Swift, Jesae L. "Williams (with 
Fortrait), Colonel William MoBee, Samnel H. Kneaas, Captain John Childe 
with. Portrait), FrederiolcHarbaoh, Major 3>ivid Bates Donglaa iwith Por- 
trait), Jonathan Knight, Benjamin H. Latrobe (with Portrait), Colonel Char- 
lea Ellet, Jr. ,with Portrait), Samuel Porrec, William Stnart Watson, John 
A. Eoebiing. 



Alexander's Dictionary of "Weights 
and Measures. 

8ro. Cloth. ^2.T>0. 
"UNIVERSAL DICTIONARY OF "WEIGHTS AND MEAS- 

"URES, Ancient and Modem, reduced to tho standards of the 

United States of America. By J. H. Alexandjiu. New edition. 

1vol. 

" As a standard work of reference, this book shouH bo in every library ; it 
is one which we have long wantod, and it will aavo much trouble and re- 
search,"— &;'«»( J^ A 



Gouge on Ventilation. 

Third Edition Enlarged, 

8to. Cloth. $2,00. 
NEW SYSTEM OF VENTILATION, which has been thoroughly 
tested under the patronage of many distinguished persons. By 
Hesry A. GoCGE, with many illustrations. 
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